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PREFATORY NOTE. 

The following guide is primarily designed for use in the Depart- 
ment of Histology & Embryology, Cornell University, Ithaca, N. Y. 
It is the third that has been arranged for such use, the first two having 
been prepared under the direction of the former head of the Depart- 
ment, Professor S. H. Gage. Naturally, therefore, in the selection 
of many of the type specimens and in the choice of methods his ideas 
are prominent in the present one. So closely are they interwoven 
with my own that no attempt to give credit has been made further 
than this general acknowledgment by one who was his pupil and later 
his assistant. 

While planned for courses offered by the writer, the guide is 
believed to have a wider usefulness. The aim has been to place 
before the student an outline which will assist him in the study of the 
specimens furnished in the course as well as facilitate the work of 
iustruction. The well known plan has been followed of introducing 
questions which may usually be answered in the study of the specimen 
or from collateral reading. Numerous drawings are called for. 
Opportunity of gaining a practical knowledge of general histological 
methods is given. In brief, the plan of instruction long in operation 
in the Department is adhered to in the present directions. The only 
distinct rearrangement in the order of presentation is the attempt to 
bring more closely together the blood and blood-forming organs 
usually so separated in textbooks of histology. 

B. F. Kingsbury. 
September, 1910. 

Revised, July, 1915. 



r 



k 




i?- 



-\ X (^ ^> 







^[i (Xio^ do^ t 






J+n-C:^ 



I 



< 



•M 



s. 









C> 









0. ' i^. 0- ^^S^ 



^iC*^"^- 



(jL. f -*--■ 't'W — 



Y\\A. S, I ff^ 



'V 



l>-t 



M-U 



CONTENTS. 



/ /Introductory 

The Microscope 
^ 'The Cell . 
^ X^he Cellular Origin of the Body 

The Vertebrate Body-Plan 



7 

9 

11 

12 

13 



The Tissues. 



4 The Epithehal Tissues 



6 '^trhe Connective and Supporting Tissues 

iTThe Muscular Tissues: The Structure of Muscle . /.^ 

The Nervous Tissues: Ner^os and Cjanglia 

The Vascular Tissues and System 

''' 1. The Blood and Lymph Vascular System 

"2. Blood and Lymph . 

^/ 3. The Bipod and Lymph-forming Organs 

The Systems and Organs. 
1 The Ductless Glands or Endocrine Organs 
2 The Digestive System 
3 The Respiratory System 
^ The Skin and Its Appendages 
^T^The Central Nervous System 
L The Organs of Special Sense 
^ The Urinary System 



% 



The Reproductive System: Male . 
The Reproductive System: Female 




INTRODUCTORY. 

Histology, dealing with the microscopic structure of the animal 
body, constitutes a basic study valuable in several fields of the 
biological sciences. In Medicine, Human and Veterinary, it serves 
as a direct preparation for Pathology, for without an adequate 
knowledge of the normal structure the abnormal cannot be recog- 
nized and differentiated. In zoology (and biology generally) de- 
tailed knowledge of the structure of typical forms is an invaluable 
foundation for the large questions that come up for solution. The 
larger problems of biology (e. g.. Inheritance, Evolution, etc.) on 
one hand are physiologic problems for whose adequate considera- 
tion an intimate knowledge of structure and structural changes is 
indispensable: here as always. Histology and Embryology are 
mutually supporting. 

Histology is preeminently a practical study and hence labora- 
tory work forms an essential and preponderant part of this course. 
It comprises a systematic study of typical preparations covering 
the structure of the fundamental tissues and of the organs of the 
body. In addition it is deemed advisable to take up briefly the 
origin of the Tissues (Histogenesis). The preparations will be 
either made entirely by the student, partly prepared by him 
(mounted), or furnished ready for study (assigned preparations). 
As much of the technique is time consuming a large part of it is 
performed for the student. Although training in methods is not 
the primary object of the course a certain familiarity with the 
general methods is gained, and by devoting extra time or by tak- 
ing an additional course a good working knowledge of the tech- 
nique may be acquired. The material for study is chosen from a 
large range of animal forms for satisfactory illustration of the par- 
ticular features in question. For the students of Human Medi- 
cine human tissues and organs are largely used, although, where 
this is not important, other tissues are used. In certain instances 
the structure is better shown in a particular animal form, etc. 

Preparations. The preparations made or mounted by the stu- 
dent are his personal property. They should be neatly prepared and 
carefully labelled. (Technique § 165) . At the end of the term's work 
they are to be arranged and submitted for examination. Those 
preparations loaned (assigned) are the property of the Depart- 
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ment. They are to be checked up when received and again at the 
end of the course when they are turned in. Preparations missing, 
broken or spoiled in handling are to be paid for by the student. 

Laboratory Drawings. -In histology, as in the structural bio- 
logical sciences generally, careful drawings and sketches of what 
is seen are believed to give valuable training to the eye, hand and 
mind as well as sharply fixing and delimiting the student's knowl- 
edge of the structure. To secure this result, the drawing should 
be carefully and conscientiously done. The following general 
rules should be adhered to: Draw no more than is absolutely 
necessary to show the particular feature or features; outline draw- 
ings should be employed as far as possible. Where it is desired to 
show detail, draw only enough to show the relations, indicating 
the part in which the structure is repeated in outline only. Either 
pen or pencil may be used; colored pencils may be used if desired 
but are not recommended. If the pen is the one chosen it is bet- 
ter to draw in the outlines in pencil first and ink them in later. 
Avoid promiscuous shadings as they often detract from, rather 
than add to, the value of the drawing in this course; your inter- 
pretation of structure and not "artistic effects" is desired. 

As a rule place but one drawing on a sheet and make it as large 
as is convenient. Where it is desired to show a portion under higher 
magnification, the drawing should be placed under or at the side of 
the more comprehensive drawing. Label all essential parts of the 
drawings neatly by tracing parallel horizontal or' vertical guide lines 
out from the various parts to letters or numbers which are explained 
in a legend below the drawing. Above all, follow the specimen and 
understand what you Want to show. 

Laboratory Rdports. At the completion of the work on each 
Tissue-group or System, a Report is to be submitted, due before 
the end of the week following. These Reports will be examined, 
marked and returned to the student for correction. At the end of 
the term they are to be collected and again submitted for examina- 
tion. 

Such laboratory reports will consist of the drawings, together 
with such answers to questions, and descriptions as may be speci- 
fically called for. 
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Unknowns. From time to time, more frequently as the course 
progresses, unlabelled preparations, stained or unstained, bulk or 
sections, will be given out for identification. Such preparations 
which not only serve to test the student's practical knowledge of 
the histology, but reveal to himself the extent of his real mastery 
of the subject, stimulate his mental alertness and increase his powers 
of keen observation. 

Literature. In addition to the required text book, numerous 
classical works, monographs, special papers, etc., will be called to 
the student's attention, all of which he will be expected to examine 
and some of them to read and review. 

Demonstrations. Special demonstrations of structures and struc- 
tural features not taken up in the laboratory work proper, will be 
demonstrated either in the lectures by means of the projection 
microscope, or in the laboratory. 



THE MICROSCOPE. 

(Preliminary Work.) 

It is as true of the microscope as of any other complex and expen- 
sive instrument, that the more fully it is understood, the more 
effective and safe will be its use. It is therefore necessary to devote 
some time to the microscope, the principles underlying its construc- 
tion, its care and use. 

For this use "The Microscope" by S. H. Gage to which book 
the following references apply. 

A. The Microscope and Its Parts. f ' ' 
Perform the experiments under § § 11; 47-49; 53-59. 

Read the fine print, especially § § 1-18; 35-37; 43-45. If there 
is not sufficient time during the laboratory periods the reading 
should be done outside. 

B. Lighting and Focusing. 

Perform the experiments in § § 70-75; 78-80; 90-92; 105-110. 
Read § § 60-66; 67-69; 85-86; 88-89; 93; 96; 101-104; 111- 
117. 

C. Interpretation of Appearances. 

Perform the experiments in § § 130; 131; 135-141; 150-153 to 
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include the examination of starch, feather, hair (human and ani- 
mal), cotton, linen and silk. Make careful drawings of the last 
four. For "mounting" see § 243; or Technique, § 148. 
Read § § 129; 144-145; 147-149; 152. 

D. Magnification. 

Perform the experiments in § § 156-160 getting magnification 
for at least one objective and one ocular of the microscope assigned 
you. 

Read § § 154-155; 158-159; 161-162. 

E. Micrometry will be considered in connection with the blood 
corpuscles. If there is time, hoM^ever, § § 164-172 may be read and 
the valuation of the 3^th. objective and x8 ocular now obtained, 
a record being kept of the objective, ocular, number of the ocular 
micrometer and the valuation obtained. 

F. Drawing with a camera lucida (Ch. V) is optional in this 
course. 

Laboratory Report. The laboratory report covering this work 
should consist in (a) diagrams of a double convex lense of 20 mm. 
focus showing the formation of a real image; (b) diagram of the 
same showing the formation of a virtual image; (c) drawings of 
hair, cotton fiber, linen fiber, silk fiber; (d) record of the magnifi- 
cation of the simple microscope and of one or more objectives of 
the compound microscope. 

Topics. The topics to which special attention should be given 
include: — the mechanical and optical parts of the compound micro- 
scope and the function of each part; the designation of oculars 
and objectives; equivalent focus; the use of the plane and concave 
mirrors and of the condenser; how to focus; the working distance; 
the care of the microscope and of the eyes; how to detect dust in 
ocular, objective, on condenser and specimen; color and refraction 
images; real and apparent velocity of movement under the micro- 
scope; the size of the field. 
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II. 

THE CELL. 

1. {Preparation No. ). The Vegetable Cell. From the 
inner side of one of the layers of an onion strip off two pieces of the 
cuticle (skin) and place them on slides: — (1) in a drop of dilute 
methyl green (stain); (2) in a drop of distilled water. Place over 
each a coverglass. Permit the first to remain for 20 or 30 minutes 
or longer and in the meantime examine the piece in the drop of 
water. Be prepared to describe what you see. Remove the cover- 
glass, drain off the water and add a drop of iodine solution; replace 
the coverglass and permit it to stand for 20 minutes or longer. In 
the meantime, clean (Technique, § 167, 168) slides and coverglasses, 
placing them when cleaned in glass jar and glass box respectively. 

Next examine the preparation in iodine. Result. Sketch a few 
cell- walls, nuclei, cytoplasm (cell-body). 

If desired, the coverglass may be removed, the piece of cuticle 
rinsed with water which is next drained away and a drop of strong 
sulphuric acid added. The plant cell- wall (cellulose) will be turned 
blue. 

Examine the piece of plant membrane that has been standing 
in dilute methyl green. What has been the result? How do you 
explain it? (General chemistry of staining; classification of stains; 
the value or advantage of staining: Technique, § 77, 78). Methyl 
green is a stain of the same general kind (basic, nuclear) as the 
hematoxylin used largely in this course. The treatment with iodine 
illustrates fixation (Technique § 1-) as well as staining. Previous 
treatment of living tissue with chemicals (e. g., fixation), often 
markedly affects the subsequent staining (illustration: the iodine 
stain of cellulose after the action of the sulphuric acid). 

2. (Preparation No. ). The animal cell. Repeat the ex- 
periments given under No. 1 with a piece of cast "skin" of a frog 
or cells obtained by gently scraping the inside of your own cheek. 
Sketch a few cells. Compare the results with those secured with the 
plant tissue. 

What is the geiieral appearance of the cell Protoplasm and Nucleus 
in the fresh condition? A further study or analysis of the structure 
of the cell is postponed until later in the work. 
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III. 

THE CELLULAR ORIGIN OF THE BODY. 

The preparations studied in this exercise are all stained prepa- 
rations from "fixed" (Technique § 1-) tissue. This should be 
well appreciated as well as what is involved in fixing and staining. 

3. {Preparation No. ). The Egg Cell or Ovum. Study 
a section of Ovary of -^ ^<^' ■ ' / ■ ^^'^ identify the large roughly 
oval egg-cells. Select one or two of the best preserved and stained 
which are cut through the middle and sketch carefully, naming all 
parts (nucleus, cell-body; nuclear membrane, cell-membrane, 
nucleolus, chromatin network, character of the cytoplasm). 

4. (Preparation No. ). The Mammalian Ovum. In the 
section of an ovary, search out an Ovum (Oocyte) that shows well 
and sketch. Compare with No. 3. 

5. (Preparation No. ). The Spermatozoon. It is un- 
necessary to consider the structure beyond the recognition of tail, 
middle-piece and head, which last embodies a cell-nucleus. 

6. (Preparation No. ). Fertilization. From a section 
of the egg-tube of the round-worm of the horse, Ascaris, sketch 
an egg showing side by side, two nuclei, — the egg-nucleus, and the 
sperm-nucleus derived from the Spermatozoon. ^ ' j^ .. - 

7. (Preparation No. ). The Ovum of Ambystoma (sala- 
mander) divided into a few cells: — Early Blastula Stage. Sketch 
this showing cells and nuclei in outline only. The cells are so large 
that the nucleus may or may not appear in the section. The yolk 
granules (stored food-material; paraplasm (deutoplasm) give the 
cells their characteristic appearance; draw these in a portion of 
one of the cells. Can you see the cell-protoplasm.'' 

8. (Preparation No. ). The Ovum of Ambystoma di- 
vided into many cells : — Late Blastula Stage. The continued division 
of the cells and their nuclei have increased their number but decreased 
their size. 
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IV. 
THE VERTEBRATE BODY-PLAN. 

In order to appreciate the significance of the tissue groups that 
compose the body and its organs, it is well to have a knowledge of the 
fundamental plan of arrangement of the bodily organs and structures. 
The dissection of a fetal mammal is therefore introduced at this point. 

9. Dissection of a fetal Pig (8 to 12 cm.). The Regions of the 
body are sufficien tly obvious : — Head and Neck; Thorax and Abdomen 
composing the Trunk; Extremities (Pectoral and Pelvic; Arm and 
Leg). The Aspects are: Cephalic, Caudal; Dorsal, Ventral; Lateral. 

{Cut No. 1.) Place the specimen on its right side, head toward 
your left, and with scalpel and scissors cut through the skin at right 
angles to the long axis of trunk just ahead of (cephalad of) the attach- 
ment of the Umbilical cord, from the mid-ventral nearly to the mid- 
dorsal line. (Cut No. 2.) Make a second cut at right angles to the 
first cut, extending caudally and beginning at about the middle of 
Cut No. 1. Turn back the skin flaps so formed. Note the slimy 
(mucous) character of the tissue that joins skin to the underlying 
Body-wall Musculature. 

Cut through the Body-wall Musculature along the same lines as 
cuts Nos. 1 and 2 and lift up and turn back the flaps so formed. 
If these cuts are carefully made, they will leave intact as an "inner 
skin," the Peritoneal Membrane, or Peritoneum. 

Peritoneal Cavity and Abdominal Organs. Carefully make an 
opening through the peritoneum into the Abdominal or Peritoneal 
Cavity. The entire lateral body wall (Skin, Musculature, Peritoneum 
may now be completely cut away, revealing the following organs: 
(1) Liver, (2) Intestine (coils), (3) Spleen, (4) Kidney. Their outline 
and the line of the cut edge of the body-wall may be sketched in on 
the photograph given you. 

First Removal of Abdominal Organs, (a) Remove with the forceps 
the flrst group of intestinal coils that are in sight. Note the delicate 
membrane, the Mesentery, that connects them together (and to the 
dorsal wall of the abdomen), (b) A second group of intestinal coils 
may also be removed, (c) With your scalpel, cut vertically into the 
liver along the line of Cut No. 1, and remove the part of the liver so 
separated off, sparing the Umbilical Vein which runs forward (and 
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dorsally) from the Umbilicus. There are now exposed (5) the 
Stomach and the rest of the spleen. Note that the latter is attached 
to the left side of the former. Other intestinal coils are seen. 

Second Removal of Abdominal Organs, (a) Remove by means of 
forceps and scissors the stomach and spleen. It will be necessary to 
cut the Esophagus where it opens into the stomach at the cephalic 
end. A certain extent of the intestine will remain attached to the 
■ other end of the stomach, (b) Remove the remaining coils of the 
intestine, (c) The liver is very friable and by means of the forceps 
the remaining parts of this large organ, — mostly on the right side, — 
may now be carefully broken away and removed, still sparing the 
umbilical vein. When the liver has been picked away, the abdominal 
cavity may be cautiously washed out under the tap to remove 
crumbs and fragments. 

The Diaphragm which separates the thoracic cavities from the 
abdomen may be seen if the body -wall at Cut No. 1 is carefully 
lifted; if the cut was correctly placed and the liver and stomach 
carefully removed, it will be intact. 

Prolong Cut No. 2 to the shoulder as Cut No. 3, first including 
skin only. Lift up and trim away the skin flaps so formed. The 
Thoracic musculature is revealed. Some of the muscles attaching to 
arm and shoulder may be removed, revealing the Ribs (Costse) and 
intercostal muscles. Remove now the entire pectoral extremity (arm 
and shoulder) which is attached only by muscle (in the pig) to the 
thorax. 

Along the line of Cut No. 3, open the Left Pleural Cavity, noting 
the attachment of the diaphragm to the thoracic wall. Trim away 
the diaphragm close to the chest wall and remove the latter, opening 
fully the cavity. Note ,the glistening membrane lining the inside of 
the chest wall. — Pleural Membrane or Pleura. 

The Left Lung is now fully exposed. It may be cautiously 
removed, by means of forceps and scissors. Its removal exposes 
more completely the Heart in its Pericardium, as well as the (dorsal) 
Aorta arising from the heart and curving dorsally to pass caudally 
through the diaphragm into the abdomen. With the forceps, pinch 
up a fold of the pericardium and cut it away with the scissors, opening 
thus the Pericardial Cavity. The Right Lung will be seen shining 
through a double fold of pleura. Remove most of the diaphragm by 
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means of forceps and scissors, sparing again the umbilical vein (and 
inferior vena cava). Rinse the specimen under the tap carefully. 
Esophagus (going to the stomach) and Trachea (going to the lungs) 
should be identified. The organs that show may be outlined on the 
photograph. The remaining organs should be left intact and the 
specimen placed in a jar of weak formalin for future examination. 

The Body-cavities and most of the fundamental systems of organs 
of the body have now been given a preliminary and superficial exami- 
nation, with the exception of the Central Nervous System and the 
Axial Skeleton. The bodies of the vertebrae of the latter may be 
seen in the thoracic region of the specimen. The Spinal Cord, within 
the vertebral canal formed by the (neural) arches of the vertebrae will 
be shown in a demonstration specimen. 

The plan of arrangement of the systems may now be reviewed in 
two sections, and one of them should be drawn. 

10. {Prep. No. ). Fetus (about 10 cm.). Transection 
through Thorax. To illustrate mainly the Vertebrate Body-plan. 
Fixed (Tech. § 1) in ; imbedded in paraffin (Tech. § 46-49) ; 
sectioned (Tech. § 58), sections [>.. Remove the paraffin and 
stain according to the Schema, Technique § 146, carefully, in Hema- 
toxylin and Eosin. Mount in balsam. When mounted, examine the 
preparation and identify the organs and the body cavities reviewed in 
the dissection. 

11. (Prep. No. ). Fetus. Transection through 
Abdomen. As above. Stain and mount, and study as above. 

The Germ-Layers and the Vertebrate Body-Plan. 

12. (Prep. No. ). A transverse section through an 
embryo Ambystoma at a stage (Medullary Plate Stage) when the 
three germ-layers (Ectoblast, Mesoblast, Entoblast) have been 
formed and the general body-plan is being laid down. Sketch 
showing in outline only, (a) the three germ-layers, (b) Neural plate, 
(c) Notochord, (d) Body-cavity and Somites if they are evident. 
Label all parts. 

13. (Prep. No. ). Chick. (38 hrs. incubation). Tran- 
section. Developmental stage more advanced than No. 12. 

This and the following preparation are already stained (in toto); 
remove the paraffin with xylene (Tech. § 142) and mount in balsam. 
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Sketch. It should be noted that although the developing body is 
"out flat" (due to the large amount of yolk), the fundamental arrange- 
ment of the germ-layers is as in No. 12. 

14. {Prep. No. ). Pig. (10mm. embryo). Transection. 
Developmental stage more advanced than No. 13. Identify the 
structures found in No. 13. i. e., neural tube, notochord, etc. 

THE TISSUES. 

V. 

THE EPITHELIAL TISSUES. 

An Epithelium may be defined as a "layer or layers of cells covering 
a free surface of the body." In the dissection (No. 9) certain of the 
free surfaces were encountered (Which?). In Nos. 10 and 11 all the 
kinds of body surface were seen in section, with one exception. In 
Nos. 12 and 13 are illustrated: — (a) that certain of these surfaces are 
early present, (b) that Epithelium is the primary (primitive) form of 
tissue, and (c) that the three germ-layers directly become certain of 
the epithelia present in the adult body. It is well therefore to have a 
clear idea of the different origin of bodily surfaces and the distinction 
of epitheha according to their developmental origin: — Mesothelium, 
Endothehum, Ependyma, Epidermis. The value of some of these 
distinctions can hardly be clearly understood until after the next tissue 
group (VI) has been studied. Endothelium (Vascular Epithelium) 
may be comprehended only after the Vascular tissues have been 
studied (IX). 

A. Simple Epithelia. 

15. {Pre'p. No. ). Simple Columnar Epithelium, 
Example, the epithelium lining the internal surface of the Intes- 
tine. Examine a section of intestine and find a place where the 
columnar epithelial cells are cut longitudinally. Draw a few cells 
showing all features including a little of the underlying tissue. Can 
you recognize a basement membrane? Find a place showing a sur- 
face section of the epithelium, i. e., the columnar cells cut across. 

16. {Prep. No. ). Columnar Epithelial Cells. Iso- 
lated to show the individual cells. Sketch one or two. 
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17. {Preip. No. ). Simple Squamous Epithelium. 
Surface view. Mesentery treated with silver nitrate (Technique 
§ 221) to stain the cell-cement so that the cells are sharply outlined. 
Draw five or more contiguous cells. What is the nature of the 
staining reaction? Why the designation Mesothelium for this 
peritoneal epithelium.? How would this epithelium appear in ver- 
tical section (side view).? The epithelium of quite similar character 
(Endothelium) will be demonstrated to you now and again considered 
under the Vascular System. 

18. {Prej). No. ). • Simple Cuboidal Epithelium. 
This may be found well illustrated, among other places, in the tu- 
bules of the kidney. Examine a section of this organ, locate and 
sketch a tubule composed of cuboidal cells. 

B. Stratified Epithelia. 

19. {Prep. No. ). Stratified or Pseudostratified Colum- 
nar Epithelium (Ciliated) . For this study the epithelium on the nasal 
side of a section of soft palate, or a section of trachea. Note the large 
number of nuclei (representing cells) in the basal portion of the 
epithelium. Significance of these basal cells? Distinctiveness of 
the term "Respiratory C§urface^ Epithelium"? Difiiculty of distin- 
guishing between a stratified and a pseudostratified condition in this 
epithelium. Draw a small portion of the epithelium showing surface 
cells, basal cells, cilia, basement membrane (?), etc. 

20. (Prep. No. ''^f Isolated Ciliated Cells. Mount 
a drop of glycerin containing the isolated cells from the epithelium 
of the trachea. Draw two or more ciliated cells showing the basal 
processes. Can you find cells from the deeper layers? 

21. (Prep. No. ). Living Ciliated Cells. With the 
blade of a scalpel gently scrape the inside of the mouth of a frog, 
and mount the scrapings on a slide, adding if necessary a drop 
of physiological salt solution (0.6%). Examine first with the low 
and then with the high power. Find surface views of the ciliated 
epithelium, and side views of single cells or groups of cells. The 
character of the ciliary movement will appear better in the case 
of cells in which the cilia are slowing down in death. 

22r (Prep. No. ). Stratified Squamous Epithelium. 

This may be studied on the oral side of the section of soft palate 
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whose ciliated (nasal) epithelium has just been studied (No. 19). 
Find a place where the epithelium is cut quite vertically and examine, 
noting the shape of the nuclei of the cells of the different layers, 
the shape of the cells, the approximate number of layers of cells. 

23. {Prep. No. ). Isolated Cells (Scales) from 
the surface of a stratified squamous epithelium (lining epithelium 
of your own cheek). These you have already examined (No. 2). 
They may be again examined in a drop of saliva or water. Find 
single cells and if possible groups of two or three. Note the (relative) 
size and shape of the nucleus. Significance of the markings on the 
surface? Sketch one or two. 

Other forms of epithelium will be studied in the laboratory 
when the particular organ is taken up in which they are found. 
At this time review carefully the classifications of epithelia; with 
examples of the places where each kind may be found. 

24. (Prep. No. ). Isolated Cells (Prickle Cells) 
from the deeper layers of a stratified epithelium. Mount a drop of 
glycerin containing the cells and examine, sketching one or two 
cells showing well the "prickles" (broken intercellular bridges). 
What is the shape of the cells? 

C. Glandular Epithelium: — Glands. 

True glands likewise, — which exist essentially to accomplish an 
increase of epithelial surface, — may best be considered when the 
histology of the regions where they occur is taken up. Review, 
however, their classifications at the present time. Examine the 
section of small intestine for an illustration of a simple tubular 
gland (Intestinal glands), and the section of soft palate for branched 
tubular (tubulo-alveolar) glands. If desired, a preparation to 
illustrate simple saccular glands may be obtained. 
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VI. 

THE CONNECTIVE AND SUPPORTING TISSUES. 

In beginning the study of this complex and important group 
of tissues, aim to gain a good idea of the "ground plan" of the group, 
and how it is modified in the various forms of tissues; the elementary 
structural features and their combination in the different tissues; 
the relation and significance of the cells. 

A. The Histogenesis. 

25. {Prep. No. ). Mesenchyme. Re-examine No. 

13 and No. 14 identifying again the regions of the mesoblast, — 
'^ somite, somatopleure, splanchnopleure. Is the somite in No. 13 
intact? Is there any indication of the presence of a "filhng tis- 
sue" i. e., mesenchyme, in between the epithelial layers? Compare 
with No. 14. Find a place where the mesenchyme shows well and 
sketch a few neighboring cells. What is between them? Consult 
your earlier sketches of Nos. 13 and 14 and indicate on them by light 
shading where you locate the mesenchyme. 

^^- 26. (Prep. No. ). Embryonic Connective Tissue. 

--fA later stage. In this particular place (Umbilical cord) it is de- 
scribed as Mucous Tissue, or Wharton's Jelly. Compare it directly 
with the earlier stage as to (a) shape and relation of the cells and 
the amoimt and character of the intercellular substance. 

You will recall the mucous (slimy) character of the subcutaneous 
cojmective tissue in the dissection of No. 9. Re-examine. Compare 
the sections (Nos. 10 and 11), if desired. 

B. The Connective Tissues (proper). 

27. (Prep. No. ). Areolar Tissue. Fresh Prepara- 

) tion. Make an artificial edema by injecting physiological salt solu- 

^. tion into the subcutaneous connective tissue in a recently killed 
animal (preferably young) and with the scissors cut out a small 
piece. Absorb most of the contained fluid by means of lens paper; 
place it on the middle of a slide and draw the edges away from 
the middle by means of needles and if they are dry enough they 
will stick to the slide and hold the film outspread. Do not let the 
middle dry. Place a drop of physiological salt solution on the 
middle and cover. Examine the preparation carefully, recogniz- 



20 

ing the two classes of fibers present. How may you distinguish 
them? Can you find cells? What is their character? Is Adipose 
Tissue present? (No. 29). 

Action of Reagents. Remove the cover glass and place upon 
the preparation a drop of 5% acetic acid. Note that it makes 
some of the fibers disappear, — the white fibers, — while the "yel- 
low" by contrast appear more prominent. Offer an explanation 
of the effect produced. Sketch the yellow elastic fibers in the field. 
The nuclei of the connective tissue cells are now more sharply defined. 

28. {Prep. No. ). Areolar Tissue. Stained Prepara- 
tion. In a spread preparation stained with hematoxylin and Eosin 
or methylene blue-eosin (Te ch. § 128 ) an examination of the cells 
present may be better carried^ out. Study the preparation carefully, 
recognizing again the white and yellow fibers and the cells (How many 
kinds?) Sketch a good place. Demonstration of "mast cells" 
(basophile) and eosinophile cells. Demonstration of areolar tissue 
stained with an elastin stain (Tech. § 181). 

29. {Prep. No. ). Adipose Tissue. Areolar Tissue is 
the repository of fat and the peculiar fat cells will be frequently 
encountered in preparations studied later. In this preparation the 
fat has been dissolved out. Sketch a few fat cells. Can you find 
the nucleus? Is a lobular structure of the adipose tissue evident? 
Are "young" fat cells present? 

In the following preparation, the fat is retained and "stained" 
with osmium tetroxid (Tech. § 227). 

30. {Prep. No. ). Adipose, tissue stained with Osmium 
tetroxid (Osmic acid). 

31. {Prep. No. ). Reticular Tissue. This second 
form of "general" connective tissue may be illustrated by the sec- 
tion of a lymph gland which has been specially prepared (Tech. 
§ 183) and stained. Draw a suitable portion of the preparation. 
Give the general distribution and characteristic features of this form 
of tissue. The fibers only are shown. 

32. {Prep. No. ). Dense White Fibrous Tissue. Ten- 
don. Transaction. In this preparation note the size and arrange- 
ment of the tendon fibers, the fasciculi, the shape and relations of 



21 

the tendon cells. Three or more fibers should be sketched showing 

their relation to a tendon cell. ^^, 

if ■-'/- 

33. {Prep. No. ). Tendon. From tail of Mouse. In 

this preparation the parallel rows of tendon cells are shown. 
Note their shape, in relation to each other and to the tendon fibers; 
the position of the nucleus in the cell in relation to the nucleus of 
the contiguous cell. 

Most ligaments in general are similar to tendons in their composi- 
tion. 

34. (Prep. No. ). Dense Yellow Elastic Tissue. Liga- 
mentum nuchae. A transection stained with the differential stain, ' 
Picro-fuchsin (Tech. § 181). Sketch a small area showing the r^ 
cut ends of a number of elastic fibers. Note the fine white fibers be- ' eg 
tween the elastic fibers. Compare with No. 32. ' -= 

35. {Prep. No. ). Ligamentum nuchae. Teased 
preparation. With your needles tease out very carefully a small 
strand of ligamentum nuchae. Remember that the course of the 
elastic fibers is longitudinal and therefore tease by pulling the fibers 
to the side, trying to keep them parallel. Tease carefully and 
thoroughly. Cover and examine. Note the branching and anas- 
tomosing of the elastic fibers. Are transverse markings to be de- 
tected? Sketch one or two fibers that show well. A permanent 
preparation may be made if desired. 

Other structures composed of dense fibrous tissue will be en- 
countered frequently in the study of the organs, — capsules, mem- 
branes, true skin, fascia, etc. Suggest factors that determine the 
proportion of white and elastic fibers and the direction of their 
course. 

Pieces of ligament, fascia, etc., from the dissecting room may 
be examined if desired. Demonstrations. * 

C. The Supporting Tissues. 

36. {Prep. No. ). Hyalin Cartilage. Fresh prepara- 
tion. From the head of femur or humerus of frog or Necturus cut 
free-hand sections of the articular cartilage and place three or four 
of the best on a slide in physiological salt solution and cover. 

In the cutting, observe the characteristic opalescent, — ^translu- 
cent, — appearance of the cartilage. In the sections note (a) the 



appearance of the cells and of the matrix (b) the arrangement of 
the cells, (significance), (c) lacunae from which cells have fallen 
out in the cutting. Is a fibrillar structure evident in the matrix? 
Capsules for the lacunae? Examine also No. 45. 

37. (Prep. No. ). Costal Cartilage. In a section of 
costal cartilage stained with hematoxylin and picrofuchsin, note 
the relations of perichondrium and cartilage. What is the charac- ^ 
ter of the matrix? Are blood vessels present? Is ossification or Vs 
calcification evident? Sketch a part, including the perichondrium. \ 
Explain the arrangement of the cartilage cells lying under the peri- 
chondrium. What is the nature of the transition of perichondrium 
to hyalin matrix? 

38. (Prep. No. ). Elastic Cartilage. Section from 
the auricle of a large mammal (horse, ox, or man) stained with t?, 
hematoxylin and picrofuchsin. Study noting the areas of hyalin -i 
matrix surrounding the cells and the reticulum of elastic fibers. 
What are the relations at the perichondrium? Compare with the 
hyalin cartilage in No. 45 and with the ligamentum nuchae. Draw 
a small portion showing the structure typically. Demonstration, 
stained with an elastin stain (Tech. § 181); 

39. {Prep. No. ). White Fibro-cartilage. Stained 
section from the intervertebral disc. What are the characteristic 
structural features of this form of cartilage? Make a sketch show- 
ing the region of transition of fibro-cartilage. What other tissues 
are present which you can recognize? 

40. (Prep. No. ). Bone. Ground section of macer- 

ated bone, mounted dry in hard balsam. (Tech. § 187.) The 
retention of the air in the lacunae, canaliculi. Haversian canals gives 
a sharp picture of their relations. Make an outline drawing of a 
section from periosteum to endosteum and in this fill in in detail one 
or more Haversian systems and interstitial lamellae. What is the • 
significance of the concentric lamellae of an Haversian system? In- 
terstitial lamellae? Are periosteal lamellae or endosteal lamellae 
evident? 

41. (Prep. No. ). Bone. Transection of a long bone; 

decalcified (Tech. § 184); stained. In this the lacunae and canaliculi "^^ 
are less evident, but the details of structure in other respects will be 
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clearer. Identify bone-marrow, Haversian canals and spaces; 
periosteum. Make a drawing of a small section of periosteum and 
adjacent bone, showing the layers of the former. 

D. Histogenesis of Cartilage and Bone. 

Recur again to No. 25, (Nos. 13 and 14) to recall to mind the 
structure of Mesenchyme as the parent tissue of bone and cartilage. 

42. {Prep. No. ). Embryonic Cartilage. Re-examine 
No. 14 paying attention to the condensation of mesenchyme about 
the notochord marking the "Pre-(?artilage" stage of the centra of 
the vertebrae. What is the shape of the cells? How do they differ 
from mesenchyme cells? Is a matrix present? Suggest possible or 
probable methods of formation of the matrix. In Nos. 10 and 11 
definitive hyalin cartilage has appeared. Examine. 

43. (Prep. No. ). Ossification. Early Stage. Longi- 
tudinal section of a limb of a fetal mammal . In comprehend- 
ing the processes of (so-called) endochondral ossification it should be 
clearly appreciated that the cartilage is not changed into bone but 
replaced by bone. In this preparation the invasion of the cartilage 
has but just begun. Note the areolation of the cartilage; the pene- 
tration of blood vessels and cells from the periosteum. Identify if 
possible osteoblasts. What is the fate of the cartilage cells? Make 
an outline drawing of the part showing the process of ossification. 

44. (Prep. No. ). Ossification. Later Stage. Longi- 
section of a long bone of a fetal mamm il . At this stage, the 
primary marrow cavity is well developed; periosteal bone and endo- 
chondral bone; calcified remnants of the cartilaginous matrix; 
osteoblasts and chondroclasts (osteoclasts) should be identified. 
Make an outline drawing indicating the bone, cartilage, periosteum, 
marrow cavity. Sketch a small portion at a greater magnification to 
show calcified cartilage, bone, osteoblasts. 

45. (Prep. No. ). Growth of a Long Bone. Longi- 
section of the end of a long bone; young mammal . Locate 
epiphysis, diaphysis, epiphyseal cartilage, periosteum and perichon- 
drium. Make a drawing in outline indicating these structures and in 
one portion only show in detail the process of ossification at the end of 
the diaphysis. What happens at the plane of the epiphyseal carti- 
lage? What is the source of new cells in this region? What is its 
final fate? 
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VII. 
THE MUSCULAR TISSUES: THE STRUCTURE OF MUSCLE. 

A. PtAIN OR NON-STBIATED MuSCLE. 

46. (Prep. ). Histogenesis. For this it is necessary 
to turn again to the Mesenchyme, its origin and structure; No.'s 
13 and 14 may again be examined for this. What other tissue group 
is derived from the mesenchyme? Does plaiu muscle in any instances 
have a different origin? Does the mesenchyme lose its syncytial 
character? 

47. (Prep. No. ). Isolated Cells. Mount a drop of 
balsam containing isolated plain muscle cells from the muscular 
coats of the small intestine. Note shape and size of the nucleus and 
cell. Is there any evidence of longitudinal fibrillation (striation)? 
Draw one or two cells. 

48. (Prep. No. ). Plain Muscle in Section. For this 
use the preparation under No. 15, studying the muscle cells as cut 
transversely and longitudinally (outer and inner coats). Draw a 
small portion of the former. Were fibrillae and intercellular bridges 
seen? 

B. Cardiac Muscle. Cross-striated. 

49. {Prep. No. ). Cardiac Muscle in Section. In 
this preparation, find places where the muscle "cells" are cut trans- 
versely and where longitudinally. What is a cardiac muscle fiber? 
Note the branching and anastomosing. In this or a special demon- 
stration preparation, you should study the cross striation; fibrillae; 
sarcoplasm. Do the fibrillae run through from cell to cell? Does 
cardiac muscle possess a sarcolemma? Find, if possible, intercalated 
discs (See Tech. §190). Forisolationpreparations,seeTech. § 189(b). 

Histogenesis. Cardiac muscle shares with plain muscle a mes- 
enchymal origin which however will not be demonstrated or studied 
at the present time. Is the original syncytium preserved in the 
adult muscle? 

C. Skeletal Muscle: Cross-striated. 

50. Isolated Muscle Fibers: fresh. Tease out upon a slide a 
small shred of muscle from the leg of a frog; cover and examine. 
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Note the semi-translucent appearance of the fresh muscle. Study 
the individual fibers noting the transverse striations. Here and 
there broken fibers may be found; examine the broken ends to detect 
the torn sarcolemma. Search for ends of fibers. 

5% acetic acid. Lift the cover-glass and apply a drop of 5% 
acetic acid. Note the effect upon the fibers in bringing out the 
muscle nuclei. 

51. {Prep. No. ). Isolated Muscle Fibers: stained 
preparation. A small bundle of stained muscle fibers in clearer 
(Tech. § 189) will be given you. Carefully tease them out keeping 
them as nearly parallel as possible. Drain off the clearer and mount 
in balsam. Note nuclei, transverse striations, torn fibers and 
natural ends. Sketch one or two fibers. 

52. {Prep. No. ). Longisection of Muscle. In this 
section of mammalian muscle stained with Mallory's connective 
tissue stain or iron hematoxylin (Tech. § 190) to bring out the finer 
structure, study the fiber in terms of sarcoplasm and fibrillae identify- 
ing in the latter, (z) Krause's membrane (intermediate disc), (j) 
lateral disc, (q) transverse disc, (m) Hensen's disc, and Heidenhain's 
membrane. Which are the isotropic and anisotropic substances? 
What differences might you expect if the muscle were in a contracted 
condition ? 

53. {Prep. ). Transverse Section of a Skeletal Muscle. 
In this preparation which will illustrate the composition of a skeletal 
muscle, determine the following structures: epimysium, perimy- 
sium, endomysium, muscle fibers; and under higher power, sarco- 
lemma, sarcoplasm, areas -of Cohnheim and the cut ends of muscle 
fibrillae. In addition there will be encountered blood vessels and 
nerve. Sketch in outline drawing in detail one or two fibers in one 
of the muscle bundles. 

Histogenesis. Examine again No. 13 and No. 14 for the form, 
structure and relations of the somites. Can you recognize the 
myotome.? Compare with No. 10 or 11. It should be remembered, 
however, that there are other sources of skeletal muscle (Lecture 

Notes). 
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VIII. 



THE NERVOUS TISSUES: THE STRUCTURE OF GANGLION 

AND NERVE. 

A. Nerve. 

54. {Prej). No. ). MeduUated Nerve-fibeis, Isolated. 
A small strand of stained medullated nerve-fibers (Tech. § 192) 
will be given you in clearer. Carefully tease them apart keeping 
them as nearly parallel as possible, drain off the clearer and mount 
in balsam. In studying this preparation determine the axis-cylinder, 
the myelinic sheath, the nodes of Ranvier, the internodes (their 
length) the nerve "corpuscles" — ^nuclei of the neurolemma. The 
myelin has been largely dissolved out. Are medullary segments 
(of Lanterman) or a reticulated structure within the myelinic sheath 
shown? Sketch one or two of the fibers, if possible showing one 
complete internode. 

55. {Prep. No. ). Transection of Nerve Trunk. This 
preparation illustrates the structure of a peripheral nerve. Identify 
the following: epineurium, perineurium, endoneurium; and under 
higher power, the myelinic nerve fibers in transection, — axis cylin- 
der, the myelinic sheath, neurolemma, neurolemma nuclei. Compare 
with the transection of muscle (No. 53) recognizing the analogy in 
the relations of the connective tissue carrying the analogy as far as 
possible. Can you determine the presence of amyelinic nerve fibers? 
Draw the section in outline, filling in a few fibers in one bundle. 

56. (Prep. No. ). Vagus and Sympathetic, (cervical) 
in transection. Tissue fixed in osmic acid mixture (Tech. § 18) 
with a preservation and blackening of the myehn. Note the wide 
variation in the size of the fibers, the blackened myelinic sheath. 
Can you find a fiber cut through a Lanterman's segment? Abundant 
amyelinic fibers should be present; attempt to identify them in the 
transection (How?). Sketch two or more nerve fibers. 

B. Nerve Cells. 

57. (Prep. ). Isolated Cells. From the spinal cord. 
Stained and now in glycerin. Mount a drop containing the cells. 
(Tech. § 191). Search the preparation to find a cell with dendrites 
well preserved. Sketch it. Can you determine the neurite? 
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58. {Prep. ). Tigroid Bodies. Section of the medulla, 
stained with toluidine blue. Sketch a large cell showing the tigroid 
substance (neurochromatin) well stained. From the staining reac- 
tion, (compare with nucleus) what character is suggested for this 
substance? What is chromatolysis? 

59. {Prep. No. ). Chrome-silver Preparation. A sec- 
tion of the cerebral cortex stained by the Golgi-Cajal silver method. 
To illustrate the external morphology of the nerve cell (neurone). 
Find one or two most perfectly shown cells and sketch them, show- 
ing dendritic branching complete and the neurite, indicating dend- 
rites and neurite. Other chrome-silver impregnated cells will be 
demonstrated to you. (Tech. § 204). 

C. Neuroglia. "7 

In the above preparation, certain of the supporting tissue ele- 
ments peculiar to the nervous system will probably be shown, if so, 
pick out and draw one of these. Demonstration of Neuroglia (Tech. 
§ 209). 

D. Ganglion. 

60. {Prep. No. ). Spinal Ganglion. Section of a gang- 
lion fixed in osmic acid mixture (Tech. § 18) . No subsequent staining. 
Sketch in outline indicating regions occupied by ganglion cells and 
by fibers. Draw in in detail one or two ganglion cells. Note ar- 
rangement of tigroid substance; the cell capsule; with what is it 
continuous? Search for a cell showing an implantation cone. Are 
dark and light ganglion cells to be distinguished? Are any of the 
medullated fibers cut longitudinally? Demonstration of spinal 
ganglion cells stained by the Cajal silver method (Tech. § 198). 

61. {Prep. No. ). Sympathetic Ganglion. Stained 
section. Compare it with the spinal ganglion. Draw one or more 
nerve cells. Familiarize yourself with the characteristic appear- 
ance of nerve cells. 

62. {Prep. No. ). Peripheral (Sympathetic) Ganglia.. 
Examine the ganglia (groups of nerve cells) in the plexuses within \ 
the wall of the intestine. What features would assist you to recog- I 
nize nerve cells? Demonstration of Auerbach's Plexus, stained by 
the gold chlorid method (Tech. § 194). 
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Histogenesis. While the histogenesis of the nervous tissues is 
quite important for the comprehension of their adult structure, its 
study cannot be taken up in the laboratory in this course. (Lecture 
Notes and Topics) . 

The spinal ganglia and sympathetic ganglia should be identified in 
No. 10 and 11. In the dissected specimen (No. 9), the sympathetic 
chain is easily seen lying against the bodies of the vertebrae in the 
thoracic region. The spinal ganglia may be seen by removing the 
dorsal muscles and dissecting away the vertebral arches. 

IX. — 

THE VASCULAR TISSUES AND SYSTEM. 



The Blood and Lymph Vasculae Systems. 

63. The Endothelium. This is the primary constituent of the 
vascular system as may be seen by examining the aorta in No. 13. 
To it are added in the course of development, other tissues from the 
surrounding mesenchyme as will appear in the comparison of the 
aorta in 13, 14 and 10 (or 11). 

A. Blood Vessels. 

1. Arteries. 

64. (Prep. No. ). Medium-sized Artery. Section of 
the Femoral artery (femoral vein and crural nerve) . 

The artery may be distinguished from the vein by (a) its thicker 
wall, (b) its rotundity, (c) probably smaller amount of blood con- 
tained. Identify the three coats and study their composition. Draw 
the artery in outliae indicating the boundaries of the three coats by 
the inner and outer (?) elastic membranes. In a small section of 
the wall draw in the structure in detail. 

65. {Prep. No. ). Large Artery. Section of Carotid. 

Compare this with No. 64. Are the same coats distinguish- 
able? Are there any differences in their composition that you can 
detect? If so, what? 

66. {Prep. No. ). Aorta. Section stained 
with an elastin stain to illustrate its richness in elastic tissue. Draw 
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a small portion of the media to show this. Compare with No. 75 
which shows the aorta at its origin from the heart. 

67. (Prep. No. ). Small Artery. This will be encoun- 
tered frequently in preparations of the organs studied subsequently. 
Examine No.'s 15, 19, and 53, picking out sections of small arteries 
that occur. Compare with No. 64 as to the distinctness of the 
coats and the composition particularly of the media. 

2. Veins. 

68. {Prep. No. ). Study the vein in No. 64. How 
may the vein be distinguished? Draw it in outline, filling in in de- 
tail a small section of the wall. Compare it with the artery as to (a) 
thickness of the wall, (b) distinctness of the coats, (c) amount of 
muscular tissue, (d) amount of elastic tissue. Demonstration of 
veins and arteries stained with an elastin stain (Tech. § 181). 

69. {Prep. No. ). Pick out in No. 65 the jugular vein 
and compare it directly with the femoral vein in No. 64. Are there 
any differences that you can record? 

70. Small Veins like the corresponding arteries will be abun- 
dantly found in later work. Examine the same preparations that 
you examined for small arteries, and identify one or more small 
veins. Compare them with the femoral V. 

3. Capillaries. 

71. {Prep. No. ). Silvered Preparation. Examine a 
piece of mesentery whose blood vessels have been injected with a 
solution of silver nitrate and submitted to the light (Tech. § 222). 
Find a place where the endothelial layer has its cells well outlined 
and sketch. Recur to the classification of epithelia and appreciate 
the significance of the term endothelium. This is the one common 
layer for the whole vascular system (No. 63). 

72. {Prep. ). The Capillary Network or Field. It 
will be more convenient to consider the form of the capillary net- 
work in conjunction with the organ in which it occurs. At present 
just one is presented; the long-meshed capillary network of plain 
muscle, as seen in the longitudinal muscular coat from the intestines 
of the rabbit. (Tech. § 216). 
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B. Lymphatic Vessels. 

73. (Prep. No. ). Lymphatic Vessel. In the 
section showing this, blood vessels and nerves are also present. • Pick 
out the lymphatic vessel and note its thin wall; what is its compo- 
sition? It will contain coagulated lymph. Compare with blood. 

Lymphatic capillaries and smaller vessels are abundantly pres- 
ent in the various organs to be studied, but their recognition and 
identification are difiBcult without recourse to special technique. 

Lymphatic vessels, still consisting largely of endothelium alone, 
may be seen in Nos. 10 and 11. Locate the Thoracic Duct. 

C. The Heart. 

74. {Prep. No. ). The Heart Wall. The 
longitudinal section of the heart wall studied for cardiac muscle 
(No. 49) should be sketched in outline and the region named; — 
auricle, ventricle, papillary muscle, auriculo-ventricular ring, auriculo- 
ventricular valve chordae tendineae. What comparison can you 
make between the coats of the heart Wall and those of an artery? 
Make a detailed drawing of a small portion of the endocardium. 

Does the auricle show the same layers? Is the myocardium 
traceable in the section from auricle to ventricle? A knowledge of 
the structure of the heart must be largely gained by gross dissec- 
tion which should constitute a preliminary study. To orient yourself, 
consult the demonstration preparation (diss acted heart). 

Auriculo-ventricular Valve. Of what coat is it a development? 
What is its component tissue? Why? 

75. (Prep. No. ). Aortic Semilunar Valve. 
Longitudinal section of the aorta and valve. Compare with the 
auriculo-ventricular valve, as to thickness and texture. Composi- 
tion. What relation has it to heart wall and to aorta. Identify in 
the aorta the coats and review their structure. Make a sketch show- 
ing the base of the valve, and its relation to aorta. 

2 
The Blood and Lymph. 

76. {Prep. No. ). Amphibian Blood. Frog. Mount 
a drop of balsam containing stained blood corpuscles (Tech. § 215). 
Examine and sketch, noting shape and size of erythrocyte and its 
nucleus. 



31 

77. {Prep. No. . ). Amphibian Blood. Necturus. 
Mount a drop of balsam containing stained blood corpuscles. Com- 
pare with No. 76. 

78. {Prep. No. ). Avian Blood. Chicken. Mount a 
drop of balsam containing the stained blood corpuscles. Compare 
with the Amphibian blood as to shape, structure and size of the 
erythrocyte and its nucleus. 

79. {Prep. No. ). Embryonic Mammalian Blood 
Corpuscles. Examine the blood in the section of the embryo pig 
(No. 14), and note that the embryonic erythrocyte of the embryo 
mammal is also nucleated. Compare with No. 76 and 78 as to shape, 
and the shape and structure of the nucleus. In Nos. 10 and 11, the 
erythrocytes are mostly replaced by the non-nucleated erythrocyte 
of the adult. 

80. {Prep. No. ). Human Blood. Fresh. Cleanse 
the finger or the lobe of the ear with absorbent cotton and alcohol 
and with a similarly cleaned hemospath, prick deeply enough so 
that a drop of blood flows freely. Place a medium sized drop of 
blood on a slide and cover at once. Examine under low and high 
power. Note the color, shape, and arrangement of the erythrocytes. 
Do they have the same shape and arrangement (rouleux) in the 
circulating blood? Search the preparation for a leucocyte; note its 
color and shape. Is it undergoing amoeboid movement? Is it finely 
or coarsely granular? Tap the cover-glass lightly with a needle 
point while looking into the microscope; does the leucocyte move 
freely under the mechanical agitation? 

Action of Reagents. With a fresh drop or drops of blood pro- 
cured and mounted in the same manner, test the action of the fol- 
lowing reagents by placing a drop at the edge of the cover-glass so 
that it may run under. 

(a) 2% salt solution. What is the effect upon the red cells with 
which it comes in contact? A similar appearance was probably 
shown by some of the red corpuscles in No. 80. 

(b) Acetic acid (5%); Distilled Water. What effect do these 
have? What is a "blood shadow?" 
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(c) Physiological salt solution. If of the right concentration 
(isotonic; i. e., about 0.9% for a mammal; Tech. § 35), there should 
be no change in the erythrocytes. 

Explain the results of (a), (b) and (c). Have you any conclusions 
as to the structure of the erythrocyte.? 

81. (Prep. No. ). Human Blood. Stained Prepara- 
tions. Obtain as in No. 80 blood from the finger or ear and catch 
a small drop on a specially cleaned cover-glass covering at once with 
another cover-glass. Draw these quickly apart (without lifting). 
The drop of blood is thus spread out into a thin film. Prepare 
three or more blood films or smears and allow them to dry spon- 
taneously. (Tech. § 211). 

(a) Hastings-Nochts Stain. Place upon one of the blood films 
3 to 7 drops of this staining mixture. (Tech. § 214). Stain for 1 
minute; dilute the stain on the cover-glass until it is reddish at the 
edge and a metallic film has appeared, and continue staining for 5 
minutes; rinse with distilled water and dry quickly with blotting 
paper. Allow it to dry and mount in balsam. 

(b) Wright's Stain. Stain a film as above with Wright's stain 
diluting after 1 minute with an equal number of drops of distilled 
water, and staining 3 minutes with the diluted stain. Rinse; dry; 
mount in balsam. 

(c) Jenner's Stain may be used if desired. Stain with this 
about 3 minutes, rinse with distilled water, blot with absorbent paper. 
Dry. Mount in balsam. ■* ' ^ ^ \ <'^ • ' ' ^' 

Is there any variation in si^e of the erythrocytes in the prepara- 
tions just made? Is the erythrocyte nucleated? Compare the size 
of red and white corpuscles. 

82. Micrometry. Determine the micrometry valuation of the 
ocular micrometer given you for your 3^ objective, according to 
§ 172 in Gage : The Microscope (read also § § 164, 170, 171, 173). 

After having obtained the valuation of the micrometer scale 
measure (a) a human red corpuscle (No. 81), (b) a red corpuscle 
from the blood of the frog or Necturus (Nos. 76, 77). 

83. Leucocytes. Study carefully the smear preparations made 
,10 N^ \ (No. 81) identifying and drawing an example of each of the follow- 

^7 ing forms : (a) Lymphocyte, (b) Mononuclear Leucocyte, (c) 
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March 4, 1919 Course 6. 

At 7x:g@xto 8 am fresh blood furnished 
by LV. Paddock, -ms nounted and sealed 
Tith castor oil. At 9 the 'Vnite corr)usGle3 
T7ere raoving -veil. 

The motion kept fj;ood until 4 v.m. 

All the students saw 'vith perfection 
the amoeboid movement. 

For the dark- field work the most 
satisfactory lir^ht vras and is a head- 
li^rht 1 ampdocomotive ) for 6' volts 
current and using 108 watts of electricity 
A aten-down transformer was used to 
reduce our 110 volt to the 6 volt current. 

To p-et good reaulLs the lamp in its 
mof-cul socket -ms nut near the face of the 
Ifdj-no -house, and over the '>/indow a 
nolished r)lane ^ day] ig^ t glass cemented 
to a '^'5 mm. convex (piano) of clear 
glass, convexity was nlaced out. This 

nearly waUelized the li^ht and rives Veaut 
results. i 
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Polymorphonuclear and Polynuclear Leucocytes (Neutrophiles) , (d) 
-2-^// Eosinophile Leucocyte, (e) if possible, a Basophile Leucocyte. Which 
■^ seem to be the most numerous? (Normal percentages), i}, z l^ ^ 

84. Thrombocytes. {Blood Plates). No. 81 (a) and No. 81 
(b) should show blood plates. Note their size, shape, and their 
grouping, z c-o , -i^^--^' /:■. - . . , . 

v.A - V 1 ^^ ^ 85^ Amoeboid. Movement of Leucocytes. Place a medium 
sized drojTof-frog's blood on a slide, cover and seal with castor oil to 
prevent evaporation. Search the preparation until a satisfactory 
leucocyte is found (i. e., one not obscured by the erythrocytes and of 
irregular shape) and observe it for several minutes, making sketches 
at one or two minute intervals. What significance attaches to this 
property of amoeboid movement? 

86. Ingested Leucocytes. This preparation illustrates the in- 
gestion of foreign particles by leucocytes by virtue of their phago- 
cytic property. A small amount (10-20 c. c.) of a suspension of 
lampblack in salt solution (Lampblack 1 gram, gum arabic 1 gram, 
common salt 1 gram, water 100 c. c.) was injected into the abdominal 
cavity of a small animal and after 24 hours the animal was killed 
and smears made of the abdominal lymph. Sketch one or two of 
these ingested leucocytes. What protective value may phagocytosis 
have? 

87. {Pref. No. ). Hemin Crystals. Place upon a 
slide a little powdered dry blood and a few granules of common salt. 
Grind them up together with a scalpel blade. Add two or three 
drops of glacial acetic acid and cover. Heat gently two or three 
times adding a fresh drop of acid after each boiling. Allow it to 
cool, remove the cover and permit the matter on the slide and cover 
to dry. Examine both and mount in balsam the one showing best 
the crystals of hydrochlorate of hematin. If there are rough lumps of 
blood in the preparation, they may be removed before mounting, by 
scraping, without injury to the preparation. 

A large number of hemin crystals will be found. Their shape 
and color are characteristic and afford one of the best tests of blood. 

88. {Prep. No. ). Fibrin Network. Make a fresh 
preparation of blood (No. 80), securing a large drop caught between 
two cover-glasses, placed eccentrically to one another. Place these 
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in a moist chamber for 10 or 15 minutes or longer. Transfer them to a 
slide, flood with distilled water and carefully separate by lifting apart. 
Wash the film very gently with distilled water by means of a pipette. 
Stain the film with eosin for 2 minutes or longer; drain off the stain 
without washing, dry gently by means of filter paper and mount in 
balsam. The fibrin network will be clearly seen. Sketch. 

3. 
The Blood- and Lymph-Forming (Haematopoietic) Organs. 
A. Lymph;atic Tissue and Lymph Nodes. 

89. {Prej). No. ). Lymphatic Tissue; Lymphatic Nod- 
ules ; Peyer's Patch. Transection of Ileum through a Peyer's patch. 

To illustrate lymphatic tissue in its simple form. Note the 
two kinds, diffuse and compact (nodular). Study the character of 
the cells and their relation within the nodules. Explain this. What 
is the relation of the lymphatic nodules to the surface epithelium? 
Re-examine No. 31 to recall the connective tissue ground work of 
the tissue. Draw in outline showing relations of two nodules and 
draw in the details of a small portion of one nodule and adjacent 
diffuse lymphatic tissue. 

90. {Prep. No. ). Tonsil. Vertical section 
through the (palatine or faucal) tonsil. Compare this with No. 89 
noting the common plan of structure. What is the relation of the 
lymphatic tissue to the surface epithelium.'' Significance. Draw 
the section in outline. Add a drawing of the epithelium over the 
lymphatic tissue. 

91. (Prep. No. ). Lymphatic Node. Section of a 
lymphatic node. In studying this bear in mind its analysis in terms 
of diffuse and nodular lymphatic tissue and their characteristic ar- 
rangement and relation to the lymph channels. Recognize cortex 
and meduUa; capsule and trabeculae; lymph sinuses, lymphatic tis- 
sue and nodules. In addition it is necessary to have a clear idea of 
the blood vascular relations within the gland. Make an outline 
sketch indicating the features mentioned above. 

Other illustrations of the occurrence of lymphatic tissue will be 
encountered in the following preparations and in the sections illus- 
trating the structure of the Digestive and Respiratory systems. 
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92. (Prep. No. ). Thymus. Stained Section. 
The classification of the thymus with the lymphatic-tissue organs is 
largely a matter of definition at present; its inclusion here is at 
least convenient (Epithelio-lymphatic organs). What are the 
features it shares with lymphatic glands? Wherein does it differ? 
Sketch a sufficiently large portion showing regions and parts in outline. 
Identify (Hassall's) thymic corpuscles. What is their origin? What 
is the cyto-reticulum of the gland? 

B. The "Blood-Lymph" Organs. 

93. {Prep. No. ). The Spleen. Transection. 
In understanding this organ, it is necessary to appreciate fully the 
relations of the blood vascular system within the organ. Identify 
capsule and trabeculae ; splenic pulp and lymphatu; nodules ; — ^what is 
the characteristic relation to the artery ? Significance of this relation ? 
Veins and their relation to the trabeculae. What is the hilum? 
Structure of the splenic pulp? Make an outline drawing of enough 
of the section to include the important structural features. 

94. {Prep. No. ). Hemolymph Gland. Sec- 
tion. What are the structural features wherein this form differs 
from an ordinary lymphatic gland? What are the relations of the 
blood and lymph vascular systems within the gland? What varie- 
ties of the hemolymph glands are encountered? Draw a small por- 
tion of the capsule and subjacent tissue. 

95. {Prep. No. ). Red Bone Marrow. Section of the 
marrow from a long bone of a young mammal. In this preparation 
find (a) marrow cells (myelocytes), — medium-sized with a large 
relatively clear nucleus and scanty protoplasm, (b) giant cells 
(myeloplaxes, megakaryocytes), (c) eosinophile and basophile cells, 
(d) erythroblasts and normoblasts (differences between these?) and 
non-nucleated (mature) erythrocytes. Are the erythroblasts and 
normoblasts in or without blood channels? Draw a myelocyte, 
myeloplax, erythroblast or normoblasc. 
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THE SYSTEMS AND ORGANS. 

Four Systems and their component organs have already been 
sufficiently considered in connection Math their characteristic tissues : 
these are, namely, (1) The Skeletal System, (2) the Muscular System, 
(3) The Peripheral Nervous System, (4) The Vascular (Circulatory) 
System. 

X 

THE INTERNALLY SECRETING OR DUCTLESS GLANDS : 
ENDOCRINE ORGANS. 

These organs differ from those last considered (so-called cytogenie 
glands) in possessing epithelia or epitheloid cells which apparently 
secrete formed substances that find their way into the blood. Em- 
bryologically they have quite distinct origins. 

96. {Prep. No. ). Thjrroid and Parathyroid. 

One or more sections through the thyroid gland and including one of 
the parathyroid bodies. Draw one or two follicles (vesicles) of the 
thyroid showing the colloid mass included and the epithelium. Can 
you distinguish two kinds of cells.? What makes up the inter- 
follicular tissue? Shape and size of the follicles? Vascularity. 

^ The Parathyroid Bodies. Note the cell cords and their relation 

to the blood vessels (sinusoids). General character of the" cells. Do 
you find any appearance of small follicles with included colloid? 
The structure here encountered should be compared with that of the 
two following glands. 
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97. (Prep. No. ). Suprarenal (Adrenal) Gland. 

Vertical section. A double gland, the cortex and medulla 
being of distinct origins. Recognize the capsule, cortex, medulla; 
the zones of the cortex and their arrangement and relation to each 
other. In the medulla note the character and relations of the cells 
to the blood vessels (sinusoids). The cortex is rich in fat as may be 
seen from the following preparation. Draw the gland in outline and 
a small section in detail to illustrate structure of cortex and medulla. 
Demonstration of the phaeochrome (so-called chromaffin) reaction 
of the medulla. 
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98. {Prep. No. ). Suprarenal Gland. Sec- 
tion from an organ fixed in an osmic acid mixture. What portions 
contain the most fat? Is fat found in the medulla? 

99. {Prep. No. ). Hypophysis. Sagittal ^^ 
(medial) section of the pituitary body, a double organ, the anterioy '^''?, 
and posterior lobes being of distinct origms. What is the shape and y. '^ 
character of the cells of the anterior lobe? Their arrangement? ^""^ 
Relation to blood vessels (sinusoids?). Can two kinds be distin- """^ 
guished? Are follicles and colloid present? Compare with supra- 
renal and with parathyroid. 

XI. 
THE DIGESTIVE SYSTEM. 

A. The Digestive Tube. 
1. The Mouth Cavity. 

100. {Prep. No. ). Lip. Vertical section. The /^ 
features to which attention should be paid are the epithelium, ; 
membrana propria, glands. What are the differences between the '- 
epithelium of the cutaneous and the mucous surfaces? Is the (\,\^,( (Xy<^<^ 
transition gradual or abrupt? What muscular tissue is shown and 

how cut? What are the morphological and physiological characters 
of the glands? 



101. {Prep. No. ). Tongue. Vertical section. , , 
How can you determine the plane of section? Is it from the anterior rv/i Lf-^ 
or posterior portion? Can you determine the kind (or kinds) of •' \ 
papillae present? Epithelium. Connection of the mucous mem- 
brane to the underlying tissue; presence or absence of a submucous 
coat. Arrangement of the musculature. Showing parts in outline, 
draw enough of the section to illustrate the typical structure. 

102. {Prep. No. ). Soft Palate. Vertical sec- lA 
tion. Re-examine this section (No. 19) paying attention particu- 
larly to the epithelium, membrana propria, glands (character, secre- 
tion), and musculature. 

103. {Prep. No. ). Tooth. Transection of the '3^ 
lower jaw of a child (or young mammal); decalcified (Tech. § 184). '^'t.':^^ 
To illustrate the structure of a tooth and its relation to the jaw. 
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Identify enamel, dentine, pulp, cementum, bone of jaw, alveolar 
periosteum, odontoblasts, structure of the pulp. Sketch. Compare 
with the following: 

104. (Prep. No. ). Tooth; ground preparation. 
"f ^-"^ (Tech. § 187). To show particularly the dentinal tubules (What 

occupies them in life.'') and the enamel prisms. Demonstration 
preparation. 

105. (Prep. No. ). Tooth: Development, early stage. 

( Note the enamel organ (enamel pulp, inner and outer, enamel 

cells) and its connection with the surface epithelium (its earlier devel- 
opment?) and the dental papilla. Are odontoblasts distinguishable? 
Draw showing parts in outline. 

_,--- 106. (Prep. No. ). Tooth: Development, later stage. 

(; - Compare directly with No. 105. Note the transformation 

of the papilla to embryonic pulp cavity, the appearance of odonto- 

blasts and the presence of small amount of dentine. Is enamel pres- 
ent? Consider the tooth as a calcified papilla (origin of teeth). 
Draw a small segment of the developing tooth to show odontoblasts, 
dentine, enamel cells. 

2. Esophagus. 

No preparations from the pharynx are studied. Important 
features are the character of the epithelium in the regions, the 
lymphatic tissue (pharyngeal tonsil) and the relation of the mucous 
membrane to underlying structure. 

< 107. (Prep. No. ). Esophagus; pharyngeal end. 

I- \^ Transection. With this region are encountered the typical coats of 
"^^ the digestive tube. Identify mucosa, submucosa, inner and outer 
muscular coats. Character of the epithelium. Is a muscularis mu- 
y/ cosae present? Direction and kind of its fibers? Are glands pres- 

ent? kind? Nature of the muscular coats. 

108. (Prep. No. ). Esophagus: Gastric end. 

^ Transverse section. Compare this directly with No. 107. Enumerate 
^ Nj points of essential difference that you recognize. Draw the section 
' showing coats and importan t features in outline. 

3. Stomach. 
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109. {Fre-p. No. ). Esophagus-Stomach. ^ - 
Longisection. Recognize the characteristic coats. Is the transition 
gradual or abrupt? Sketch the region of transition in the epithelium. 
Are cardiac glands recognizable? Suggestion as to their nature. 

110. {Prep. No. ). Stomach: Peptic (Oxyntic) Glands. 
Vertical section. The coats and their structure. Nature and struc- 
ture of the glands present. Character of the surface epithelium. 
Make an outline drawing to show the coats. Draw in detail one 
gastric foveola and the gland tubules opening into it. 

111. {Prep. No. ). Stomach: Pyloric Glands. v' 
Vertical section. In addition to the recognition of the coats study 
particularly the glands and compare them directly with the cardiac 
and fundus glands. Sketch a small portion of the mucosa including 
the glands. What is the character of the section (transverse, longi- 
tudinal, oblique) ? 

112. {Prep. No. ). Zymogen Granules. ^ 
Vertical section of the gastric mucosa fixed (Tech. § 179) to pre- yj ' 
serve the granules thought to be a precursor of the enzyme (ferment), 

in this case (largely) pepsinogen granules. In what cells do they 
occur? In what part of the cell? Sketch two or more of the cells. 

4. Small Intestine. 

113. {Prep. No. ). Duodenum and Bruimer's Glands. «/ 

L 

Transverse section. Identify the coats and compare them 
with those of the stomach. Important features are (a) character of 
the epithelium, (b) character and location of the Intestinal Glands 
(Crypts of Lieberkiihn), (c) location and character of the Duodenal 
Glands (Glands of Brunner). What is the nature of the secretion of 
the latter? Can you distinguish their ducts from the intestinal 
glands? Make an outline sketch of a section of the intestinal wall 
showing the location of one of Brunner's glands. 

114. {Prep. No. ). Duodenum. Homo. Longitudi- 
nal section. Particularly to show the Plicae semwirculares. Of ^ 
what coat are they folds? Permanent or temporary? What is their ^ 
relation to the villi? Compare the section also for other features 
with No. 113. 



^. 115. (Prep. No. ). Ileum. Review the section pre- 

viously studied for lymphatic tissue (No. 89). What is the char- 
acter of the epithelium (a) covering the villi? (b) in the intestinal 
glands.' Compare the intestinal epithelium with that of the stomach. 
What is the number of goblet cells shown in this section as compared 
with No. 113? Where do they occur? 

116. (Prep. No. ). Fat Absorption. Transection of 
/f the intestine of a frog which had been fed with fatty food. Fixation 

in Flemming's fluid (Tech. § 227). Note the blackened granules 
of fat in the surface epithelium and sketch two or more of the epithehal 
cells showing well this feature. 

117. (Prep. No. ). Villi: Injected Preparation {Tech. 

V §216). viewed from the internal surface of the intestine. The 
villi are rather short and flattened. Note the arteriole passing to the 
summit of the villus there to break up into a cascade of capillaries 
that unite on the opposite side to form one or two venules. 

Review from No. 113 and 115 the structure of the core of a villus. 
What tissues are there present? Also study the demonstration 
preparation in which the central lacteal is also injected (blue) . Where 
is it located? Location of the blood capillaries? 

5. Large Intestine. 

118. {Prep. No. ). Appendix Vermiformis. (Homo.) 
Transection. Note particularly (a) the absence of villi, (b) the 
large amount of lymphatic tissue, (c) structure of the surface and 
glandular epithelium. Sketch showing structures in outline. 

V ';' 119. {Prep. No. ). Caecum. (Mammal). 

J. Transection. Compare this with No. 118 paying special attention to 
- './^ the points there enumerated. 

120. {Prep. No. ). Colon. Transection. Com- 

V- pare with the small intestine as to (a) absence of villi, (b) relative 
^^ number of goblet cells. Does the preparation show solitary lym- 
1 phatic nodules? Review now the features common to the coats 
(tunics) in the different regions of the digestive tube. What char- 
acteristic has the outer (longitudinal) muscular coat of the large 
intestine in the larger mammals (including man)? Sketch the 
preparation in outline, drawing one or two intestinal glands in detail. 
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B. The Accessory (Major) Digestive Glands. 
In beginning the study of these larger glands it is necessary to 
review the classification of glands. 

1. The Salivary Glands. 

121. {Prep. No. ). Parotid Gland. . Section. 
Draw a small portion of the section indicating in outline the lobules, 
interlobular and intralobular ducts and a small group of acini (alveoli) . 
Can you find intermediate ducts? What is characteristic of the 
intralobular ducts? Sketch in detail the cells of a single acinus. 

122. {Prep. No. ). Submaxillary gland. Mixed i 
gland. Homo. Section. Identify lobules, inter- and intralobular 
ducts. Draw one or more acini of the mucous type. Recognize the 
serous acini and the crescents (of Gianuzzi) . Be prepared to enumer- 
ate the differences that occur to you between the mucous and serous 
cells. I ^ ^ ^ 

123. {Prep. No. ). Submaxillary gland. (So-called 
Mucous Gland from a carnivorous mammal.) Under what 
interpretation may this also be called a mixed gland? Compare it 
with No. 122. (Mucus stains: Tech. § 23S-; Demonstrations.). 
For pure mucous glands, see section of soft palate. No. 19. 
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2. Pancreas. 

124. {Prep. No. ). Pancreas. Section. 
Compare it with the parotid gland. In studying this section anal- 
ize its structure in the same manner as No. 121 with which it should 7 
be directly compared as to (a) compactness, (b) shape of the acini. 
In what other ways (three) may the two glands be distinguished? 
Can you find intermediary ducts?" Centro-acinal cells ? Study care- 
fully the areas of Langerhans. What is the size and arrangement of 
the cells composing them? What relation to the blood channels? 
Why might these cell masses have been considered under Unit X? 
Do you note any connection of these cells witli those constituting 
the secretory tubules? Draw one of these Islands. 

125. {Prep. No. ). Zymogen Granules. 

Section of pancreas fixed in 1% osmic acid (Tech. § 179). Identify 
these granules and compare with No. 112. What portion of the cell 
do they occupy ? Are they abundant or scanty ? What is the sugges- 
tion conveyed)? , 
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3. Liver. 



126. (Prep. No. ). Liver. Section of liver. Pig. In 
studying the section, note the lobules separated by the connective 
tissue septa. Within the lobule recognize the intralobular vein and 
the intralobular (liver) cajlillaries (sinusoids). In the interlobular 
connective tissue find interlobular veins, interlobular arteries, small 
bile-ducts. Can you find intralobular capillaries entering the intra- 
lobular vein? the interlobular vein.'' What is the relation of the 
liver cells to (a) the blood capillaries (b) bile capillaries.'' Can you 
find Stellate Cells (of Kupffer) ? Does the section show a lobule cut 
longitudinally? Draw in outline one liver lobule and adjacent por- 
tions of other lobules, adding a detailed sketch of two or more columns 
of liver cells and adjacent hepatic sinusoids. 

127. {Prep. No. ). Liver. Homo (or other mammal). 
The pig is anomalous in the large amount of interlobular connective 
tissue and the distinctness of the lobulation. Compare the lobula- 
tion of the liver (as given above) with that of another large gland 
(e. g., pancreas). Examine this section for the distinctness of the 
blood- vascular lobules; would a different (secretory) lobulation be 
admissable? Any structural features not recognized in No. 126 
should be sought out in this preparation. 

128. {Prep. No. ). Injected Preparation. (Tech. §§ 
/'^ .^ 216,217). Section of mammalian liver. To illustrate the great 

vascularity of the liver and the arrangement of the liver capillaries. 
The portal vessels are injected with blue gelatin, the hepatic artery 
with red. Can you determine what are the relations of the hepatic 
and portal blood? Give the reason why- the liver (intralobular) 
capillaries might more correctly be called sinusoids? 

129. {Prep. No. ). Bile Capillaries. Study the 
; ^^ preparation given in illustration of the relation of the bile capil- 
laries. Remembering that the bile "capillaries" represent gland 
lumen, classify the liver among glands. 

If desired, sections of liver from the lower vertebrates may be 
had; in these the typical "glandular" character of the liver is much 
clearer. 

130. {Prep. No. ). Glycogen. Preparation 
of liver, fixed in alcohol and stained with iodine (Tech. § 229). in 
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which the glycogen is preserved and colored a mahogany brown. 
Who discovered the glycogenic function of the liver? Significance 
of glycogen in the liver? Other tissues containing glycogen? 

The Digestive System in Some Domestic Animals. 
(Additional Studies). . i 

a. {Prep. No. ); The Ruminant Stomach. Rumen. f^ 
The compound stomach of the cow and sheep with its three divi- ^''*-v 
sions before the "true" (digestive) stomach, the abomasum, may be 
studied in a series of microscopic preparations which may be more 
easily understood from the examination of gross specimens. 

Can you recognize the coats typical of the digestive system? 
Are glands present? Structure of the villus-like papillae? Char- 
acter of the epithelium? 

b. (Prep. No. ). Reticulum. Examihe the gross 
preparation showing the honeycomb structure of the mucous mem- 
brane. In the microscopic preparation, attention should be directed 
to the recognition of the coats, the structure of the wall of the "cell," 
the character of the epithelium. 

c. {Prep. No. ). Omasum. In the gross preparation 
note the long thin valvelike folds and the low fungiform papillae 
upon them. What is their direction? In the microscopic prepara- 
tion, these folds are cut across. Note the character of the covering 
epithelium. What tissues compose the core of the folds? 

d. {Prep. No. ). Abomasum. Fundus portion. Note 
the typical coats and the structure of the mucosa, the glands con- 
tained and their structure. Is lymphatic tissue present? 



^.,L 






e. {Prep. No. ). Abomasum. Pyloric portion. The 

characteristic pyloric glands are important structures in this prepara- 
tion. Do they possess the characteristic form and structure? U, ! '^ ^ 

Of the numerous preparations which might be taken to illustrate 
the avian digestive tract, the following are selected. 

/. {Prep. No. ). Large Intestine and Caeca. Chicken. 

Many birds, the chicken among them, possess two long caeca which jS_^ 
are shown in this section on either side of the large intestine (Con- 
sult gross specimens). Compare with the mammalian small and 
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large intestine and caecum. How may a section of avian large in- 
testine be easily distinguished from mammalian small intestine? 

. g. {Prey. No. ). Liver. Chicken. Compare this sec- 

y tion with the mammalian liver. Is a distinct lobulation shown? Is 

\ the tubular structure of the liver cords evident? How many cells 

border on the gland lumen (bile capillary)? How distinguish from 
mammalian liver? . » \ a 

THE RESPIRATORY SYSTEM. 

1. Nasal Cavity. 

131. {Prep. No. ). Respiratory portion. Recall the 
characteristic epithelium of this region as illustrated in No. 19, sec- 
tion of soft palate. Re-examine this preparation. 

2. Larynx. / ^„ ' 

132. {Prep. No. ). Larjmx. Longisection 
(horizontal section). What laryngeal muscles are shown in this sec- 
tion? Of the cartilages, the first is the hyoid, the second the thyroid, 
followed by the cricoid and the rings of the trachea. Identify the 
true and false vocal cords and the ventricle of the larynx. Note the ' 
character of the epithelium in the different regions, i. e., in the ven- 
tricle and upon the true and false vocal cords. Are glands present? 
Where located? Is lymphatic tissue present? The structure of the 
mucous membrane and its variation in the different regions. 

3. Trachea, li >. , r ( .1 ni^ ei)yL, '-u. u, c,'^^<Ut.'j_ l^.-..^■. ~^'l'1 

133. {Prep. No. ). Trachea. Transection. 
What coats can you recognize? What is the location, relations, and 
kind of the muscle present (name)? What is the kind of gland • 
present and where are they most numerous? Does the section show 
the cartilaginous "ring?" Does the preparation show lymphatic 
tissue? In what form? Character of the epithelium and the struc- 
ture of the membrana propria. Relation of trachea and esophagus. AJU^U^v^ 

134. {Prep. No. ). Trachea. Longisection. | 
What portion of the trachea is shown? Plane of the section? To 

show particularly the structure of the epithelium and glands. Fea- 
tures not well seen in No. 133 should be sought here. 

o 
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4. Lung. 



135. (Prep. No. ). Stained Lung. Section. 
The following features are to be noted: (a) the general appearance, 
of lung; with what tissue might it be most easily confused? — (b)^e 
structure of a bronchus or bronchiole; — character of the epithelium, 
presence or absence of cartilage, glands, muscle; can you locate 
the region in the bronchial tree? (c) air sacs and air cells (alveoli) 
(d) find a place where the terminal bronchiole is cut lengthwise and 
sketch it and the respiratory chambers connected "with it. Is lym- 
phatic tissue present? If so, where? 

136. (Prep. No. ). Dried Lung. Section (cut 
free-hand). This thick section will give a three-dimensional idea of 
the respiratory chambers, while the surface section will show the 
lobulation. Do any blood capillaries show (filled with dried blood)? 
Two sections, one showing the pleural surface, may be mounted in 
accordance with Tech. § 150 (b). 

137. [Prep. No. ). Injected Lung (Tech. § 216). 
Section. In this thick section find the capillary network in the alveo- 
lar wall and sketch it. See it also where cut across. What is the 
blood- vascular arrangement in a pulmonary lobule? Qompare with 
a salivary gland and liver. Find, if possible a place where the 
terminal bronchiole is cut longitudinally. 

138. (Prep. No. ). Elastic Tissue in Lung. 

Section. (Tech. § 181). Study the elastic tissue in the wall of 
the air cells, in the bronchioles, and in the blood-vessels. Account 
for the large amount of elastic tissue in the lung. Sketch the elastic 
tissue in a single alveolar wall. 

139. (Prep. No. ). Silvered Lung (Tech. § 221). 
Section. The outlines of the respiratory epithelial cells is shown 
in black (brown). Note the large (flat) cells with irregular outlines 
(and no nuclei) and the small granular (brown) cells. What is the 
significance of the two kinds? Sketch three or four cells. Find, if 
possible, a terminal bronchiole cut longitudinally; change in the 
epithelium as you pass from respiratory bronchiole to air-cell. 
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XIII. 
THE SKIN AND ITS APPENDAGES. 

A. The Skin. 

140. {Prep. No. ). Skin of Palm or Sole. 

Section. Determine the boundary between epidermis and corium, 
and recognize the layers of each, namely the strata comeiim, luci- 
dum, granulosum and germinativum, and the pars papillaris and 
pars reticularis respectively. What are the characteristics of each? 
Trace the changes in a cell from the stratum germinativum to a 
stratum corneum. Recognize the intercellular bridges in the former: 
offer an explanation for their existence. Study the structure of the 
true skin and also the subcutis or tela subcutanea. Sketch a section 
of the preparation showing the layers of the epidermis, corium and 
tela subcutanea. 

141. (Prep. No. ). Skin of the General Body Sur- 
face. Section. Enumerate the differences that you can 
recognize in the skin and its various layers. What is the panniculus 
adiposus? Draw a small portion of the epidermis indicating also the 
corium. 

142. {Prep. No. ). Axillary Skin. Section. 
In what respect does this differ from No. 141? Compare also with 
No. 143. 

B. Hair. 

143. {Prep. No. ). Scalp. Vertical section, cut 
longitudinally with the hair. Identify the layers of the skin and 
subcutis, the hair shaft, hair root, hair bulb, papilla. Note relations 
of hair muscle (arrector pili) and the sebaceous glands. What are 
the layers of the hair follicle? With what are they continuous? 
The structure of the hair follicle however will show better in the 
following preparation. 

144. {Prep. No. ). Scalp. Oblique section, cut trans- 
versely to the hair shaft. Understand the plane of section and why 
sections at all levels of the hair follicle occur. Determine the differ- 
ent layers of the folhcle; with what layers of the skin do they cor- 
respond? Study also the structure of the hair itself. What are 
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the changes (transformations) that lead to its formation and growth? 
Where do they occur? Sketch one section of hair and follicle. 
Examine also the hairs that are shown in No. 141 and No. 142. 

C. Nail and Hoof. 

145. (Pref. No. ). Finger. Transection. Princi- 
pally to illustrate the structure and relations of the nail. Note the 
appearance of the nail in section; nail wall and nail groove; nail bed 
and its structure (ridges, etc.). With what layer of the epidermis 
does the nail correspond? Method of growth of the nail. Signifi- 
cance of the lunula, eponychium, hyponychium (sole horn). Ex- 
amine your own fingers for the two former. Sketch the nail wall 
and adjacent structures. 

146. {Prep. No. ). Hoof. Fetal Horse. Longisection. 
The difference between nail and hoof is morphological rather than 
histological, the latter extending around over the side and also over 
the end of the digit. The corresponding parts are further known under 
different names; thus, the nail root is called coronary hand, the nail 
bed is the sensitive laminae, the hyponychium appears as the frog, 
etc. Sketch the hoof and related structures in outline, recognizing 
the regions enumerated above. 

D. Glands. 

1. Sebaceous Glands. 

The material for the study of these is already at hand in No.'s 
141-144. Find a gland cut longitudinally. What is the peculiarity 
of this form of gland? Nature of the secretion and relation to the 
hair follicle. Instances of sebaceous glands not in connection with 
hairs. Sketch an alveolus (acinus) to show the mode of formation 
of the sebum. 

2. Sudoriferous (Sweat) Glands. 

Examine especially No.'s 140, 142 and 145. Can you identify the 
glands in the other skin sections? Note the type of gland and 
its relations and position. Trace its pore (duct) in No. 140. What 
is the structure of the coiled tubule? 

3. Mammary Glands. 
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147. {Pref. No. ). Mammary Gland: In- 
active. In this special cutaneous gland, note particulai-ly the lobu- 
lation, amount and character of the connective tissue, amount of 
adipose tissue, structure of the acini. What is the type of gland .f* 
Sketch one or two acini. 

148. {Prep. No. ). Mammary Gland: Active. Two 
sections of the active gland are submitted for study, in one of which 
the fat globules have been preserved and blackened by osmic acid. 
Compare the active gland directly with the inactive as to (a) changes 
in the secretory cells, (b) character of the contents of the acini, (c) 
the size of the acini and their relation to each other; relative amount 
of connective tissue. Sketch one or two acini. 

149. {Prep. No. ). Mammilla. (Nipple). In 
this section note particularly the ducts, the character of their lining 
epithelium, the cutaneous epithelium covering the nipple, the presence 
and arrangement of plain muscle. Types of nipple and their com- 
parison. 

XIV. 

THE CENTRAL NERVOUS SYSTEM. 

In the central nervous system the interrelation of parts (fiber 
connections, tracts, etc.) plays so important a part in the analysis of 
its structure that it cannot be adequately considered in a general 
course, where a few regions only can be studied. The following are 
intended to give the plan of structure and the more important fea- 
tures. 

A. Spinal Cord. 

150. {Prep. No. ). Spinal Cord: Cervical. 
Transection. In this section recognize (a) the lateral halves, (b) 
the ventral fissure, (c) the dorsal septum, (d) the central cavity or 
canal, with its lining epithelium, ependyma. In the gray matter (sub- 
stantia grisea) note (1) the rough divisions into lateral masses con- 
nected by a commissure surrounding the central canal, (2) the dorsal 
and ventral cornua (columnae). In studying the structure of the 
gray matter (grisea) note (a) the general structural appearance and 
the substantia gelatinosa, (b) the size and character of the nerve cells 
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in the ventral cornu (columna), in the dorsal cornu and intermediate 
region; can you distinguish the characteristic groupings? In the 
white matter bound the funicuH; what are the most important phy- 
siological tracts that compose them? Are the points of exit of the 
dorsal and ventral roots of the spinal nerve shown in the section? 
Compare No.'s 151 and 152. 

151. {Prep. No. ). Spinal Cord: Thoracic. 
{Weigert Preparation: Tech. § 199). Transection. Compare this 
with No. 150 noting (a) the general' shape, (b) the size and shape of 
the cornua (columns), (c) the groupings of the nerve cells. Is Clarke's 
column (nucleus thoracicus) shown? Dorsal and ventral roots? 

152. (Prep. No. ) . Spinal Cord: Lumbar. 

(Nissl's Preparation: Tech. § 196). The outline of the gray matter 
is not so clearly shown as in the above preparations but still distin- 
guishable. The preparation will show particularly the neurochro ma- 
tin (tigroid substance) within the nerve cells and the groupings of the 
latter. 

Meninges. In one or more of the preparations the membranes 
of the spinal cord will be shown: identify them and study their 
structure and relations. Is the ligamentum denticulatura shown? 
Septum posticum? 

Draw one of the three sections showing important regions and 
structures in outline. 

B. Mesencephalon. 

153. {Prep. No. ). Transection through the Superior 
CoUiculi and the Peduncles of the Cerebrum. This is the simplest 
(morphologically) of the brain segments. Identify the central 
canal (its name?), the central gray matter, the ventral raphe. In 
the peduncles, the regions should be recognized (crusta, intermedi- 
ate zone (substantia nigra); in the Tegmentum look for the Red 
Nuclei, the Brachia Conjunctiva and their decussation. In addition 
locate the nucleus of the Illd cranial nerve and its root fibers, the 
posterior longitudinal fasciculus, the lemniscus. Structure of the 
colliculus. 

C. DiENCEPHALON AND PROSENCEPHALON. 

154. {Prep. No. ). Caudatum, Lenticula, Thalamus. 
Transection through cerebrum (or a portion). Locate in 
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this preparation the cortex, the caudate nucleus, the lenticular nu- 
cleus, the claustrum, the internal capsule, the thalamus. The in- 
ternal capsule is continuous with the crusta (No. 153); the sub- 
thalamic region with the tegmentum. In addition there may be 
shown the corpus callosum, the lateral ventricles (of the cerebrum), 
etc. 

155. (Prep. No. ). The Cerebral Cortex. (Nissl Pre- 
paration). Vertical section. To show the cell layers. Recognize 
gyres (convolutions), fissures. How many cell-layers can you recog- 
nize, (4, 5, or 7)? Structure and form of the cells; character in 
summit of convolution and at bottom of the fissure. Cell patterns 
characteristic of the different regions of the cerebral cortex. What 
region is this? Compare also No. 59. 

156. (Prep. No. ). Cerebral Cortex. Vertical 
section. To show the fiber pattern (Weigert Preparation. Tech. 
§ 199). Locate the radial fibers; superficial tangential fibers (.''), 
deeper tangential fiber layers (Stripe of Baillarger). Fiber pattern 
in different regions of the cerebral cortex. (This region?) The cells 
will also be indicated, though not specially stained. 

157. (Prep. No. ). Hippocampal Cortex. Ver- 
tical section, transverse to hippocampal fissure, etc. The parts are: 
(1) the hippocampal convolution (gyre), (2) the hippocampus, (3) 
dentate convolution (gyre), (4) fimbria, (5) choroid fissure and 
plexus, (6) caudate nucleus. Note the continuation of the cortex of 
the hippocampal convolution as the gray matter of the hippocamp 
and dentate convolution; the massing of large pyramidal cells in 
the hippocamp and the dense layer of small pyramidal cells in the 
dentate convolution, the continuation of the fimbria with the central 
(subcortical) white matter. The hippocampus as an "infolding" 
of the cortex. 

D. Cerebellum. 

158. (Prep. No. ). Cerebellar Cortex. Sagittal 
section of Vermis, stained in toto in Paracarmine, (Tech. § 79, 100). 
Important features: (a) the division into lobes and convolutions: 
(b) the typical layers of the cortex (molecular, granular, Purkinje 
cells) ; (c) the central white matter. . The kinds of cells in the mole- 
cular layer. The real extent of the dendrites of the Purkinje cells; 



51 

the destination of the neurites of the Purkinje cells and granule cells. 
(Demonstration: Golgi Preparations). 

159. (Prep. No. ). Cerebellar Cortex. Sec- 
tion. Weigert Preparation. To show the fiber relations in the cere- 
bellum. Compare with No. 158. 

E. Olfactoby Bulb. 

160. {Prep. No. ). Olfactory Bulb. Transec- 
tion. Recognize the following layers: (a) the layer of olfactory 
nerve fibers; (b) the layer of glomerules; (c) the large nerve cells 
(mitral cells); (d) the granular layer; (e) the olfactory tract; (f) 
the inner gray matter; (g) the central cavity and its lining epithe- 
lium. (The human olfactory bulb lacks cavity or epithelium (epen- 
dyma). 

XV. 

THE ORGANS OF SPECIAL SENSE, 
y"^ (and Nerve Terminations.) 

A. Termination of Efferent Neurones. '<3^'i<„^^ 

161. (Prep. No. ). Motor End-plate. (Gold chlorid -.,.._ 
Preparation. Tech. § 193). Note the character of the , , 
branching of the axis cylinder of the nerve fiber (telodendrion) and 

the structure of the End-plate (sole plate and sole nuclei). What 
are the relations of the sarcolemma, sarcoplasm, neurolemma, myelin 
sheath? Modes of termination in plain muscle, cardiac muscle, and 
gland. 

B. Termination of Afferent Neurones. 

162. {Prep. No. ). Tactile Corpuscles. (Meissner's). 
For this study No. 140 (examine also No.'s 100 and 149). Can you 
find them in all three regions? What is their characteristic struc- 
tural appearance? How does the nerve fiber terminate? Demon- 
stration. 



163. {Prep. No. ). End Bulbs. (Krause's). Search 

the same preparations for examples of this form of sensory nerve 
termination. Typical structure. Demonstration. 
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164. (Prep. No. ). Vater-Pacinian Corpuscles. Ex- 
amine No.'s 124 and 145. Find illustrations of this form of end 
organ cut longitudinally and cut transversely. Identify the lamellae 
(structure and relations?), the core, the (central) axis cylinder. 
Sketch one showing the structure. 

165. (Prep. No. ). Neuromuscular Nerve End-organ. 
(Muscle Spindle). Study a transection of the Sartorius muscle for 
this form of afferent nerve ending. Note the connective tissue cap- 
sule, axial sheath and the intrafusal muscle fibers. What is the 
character of the last? Mode of termination of the nerve fibers. 

C. Special Sense Organs. 

166. {Prep. No. ) . Taste Buds. Longitudinal vertical 
section of the Papilla foUiata; Rabbit. Locate and study the 
taste buds. Can you recognize the two kinds of cells? What is the 
relation of the sense organ to the epithelium and membrana propria? 
Mode of termination of the nerve fibers. Sketch one showing struc- 
ture well. 

167. (Prep. No. ). Olfactory Sense Organ. 
Vertical section of the olfactory mucous membrane of the nose. 
Identify the sensory epithelium and draw a narrow strip of the epi- 
thelium and subjacent mucous membrane. Can you recognize the 
three kinds of cells? Differences between them. Note also Bow- 
man's glands and the nerve fibers in the mucous membrane. 

The Ear. 

168. (Prep. No. ). External Ear, Middle Ear, Inner Ear. 
Horizontal (roughly) section through the external meatus and 

the apex of the petrous bone. Study the structure of the epithelium 
of the external meatus, the glands and the hair. To what class do 
the glands belong? Relation. Their relation to the hairs? 

In the middle ear there should be studied the structure of the 
tympanic membrane and the mucous membrane lining the tympanum. 
Which of the auditory ossicles are shown in the section? What 
morphological relation do they really bear to the cavity? Is the 
Eustachian tube shown? Is the facial nerve or either muscle shown; 
which? 

In the inner ear, note the membranous labyrinth, bony and 
membranous canal, cochlea. Which sense organs are shown? 
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(Characteristic structure of an otic sense organ). Sketch one of the 
sense organs and a semicircular canal. Demonstrations of other 
structural features not well illustrated will be given. 

169. {Prep. No. ). The Cochlea. Guineapig. Longi- 
tudinal section. Identify (a) scala vestibuli, ductus cochlearis, 
scala tympani; (b) Reissner's membrane (membrana vestibuli), the 
tectorial membrane, basilar membrane; (c) the spiral ligament, 
vascular striae, the limbus and the spiral organ (of Corti). Study the 
structure of the last, its parts and the cells composing it. Is the spiral 
ganglion shown? Mode of termination of the cochlear nerve fibers. 
Peculiarity of the ganglion cells. Sketch a section of the organ of 
Corti and neighboring structures. 

, The Ete. 

170. {Prep. No. ). The Coats of the Eye. The Optic 
Nerve. Vertical section of the posterior half of the eyeball 
through the entrance of the optic nerve. What is the tissue compos- /k 

ing the sclerotic coat.'' Why has it this structure? Relation of the 4___--. 
sclera at the point of entrance of the nerve? Is the lamina cribrosa 
shown? Are the (4) layers of the chorioid coat distinguishable? 
What are its two most characteristic features? Layers of the retina 
that are distinguishable? Is the pigment layer shown? What is the 
course of the optic nerve fibers in relation to the coats of the eye and 
the layers of the retina? What spaces surround the optic nerve? 
their significance? Make an outline drawing of a portion including 
the entrance of the nerve. 

171. {Prep. No. ). Optic Nerve. Transection. 
The coats covering the nerve, the included spaces and their signifi- 
cance. The character of the optic nerve fibers and their arrange- 
ment. Is the section quite near the eye or more remote; how can 
you tell? Structural features in which the optic "nerve" differs 
from a true nerve. Demonstration, neuroglia stain. 

172. {Prep. No. ). Cornea, Ciliary Body, Iris. 
Vertical section through an anterior quadrant of the eye. Locate in 

this preparation, cornea, sclera, ciliary body, chorioid, ciliary muscle ^i ^ 

iris, retina (sensory part). Are any portions of the lens ligament ^"-— _':. 
and capsule present? Compare the cornea and sclera. The struc- 
ture of the former and its layers. The structure of the iris and the 
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amount of pigment present. Does the preparation include the or a 
serrata? What are the (general) differences between the three parts 
(regions) of the retina? Draw the preparation showing parts in 
outline. 

173. {Prep. No. ). Retina. Vertical section. 
To illustrate more fully the structure of the retina, particularly that 
of the rods and cones. Can you find both forms of sense cells? Inner 
and outer segments? What is their relation to the outer limiting 
membrane? Are there noticeable differences in their nuclei? Ex- 
amine the other layers of the retina. From demonstrations and 
your textbooks obtain a clear idea of the interrelation of the ele- 
ments composing the retina. Compare with the olfactory, auditory, 
and gustatory sense organs. Also, demonstrations. 

174. {Prep. No. ). Eyelid. Transection- 
Although properly a fold of the skin it is essentially a part of the 
sense organ. Attention should be paid to (a) the character of the 
conjunctival epithelium; (Compare it with the oral epithelium and 
with the epidermis) ; (b) the Cilia, (c) the tarsal (Meibomian) gland, 
its character (With what hairs is it associated?); (d) the muscle 
within the eyelid (names)?; (e) the tarsal plate. Can you identify 
the ciliary gland (of Moll)? Is lymphatic tissue present? In what 
form? 

175. {Prep. No. ). Lacrymal Gland. Section. 
What type of gland is it? (classification according to form and 
secretion). Compare it with the salivary glands. Sketch one or two 
of the tubules. 
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XVI. 
THE URINARY SYSTEM. 

A. The Kidney. 

176. {Prep. No. ). Kidney. Vertical section. 
In studying the section recognize the following regions: (a) cortex 
and (b) medulla : in the cortex — ^pars radiata (medullary rays) and 
pars convoluta (labyrinth) ; in the medulla, the pyramids and renal 
columns (ofBertini), (In what group of kidneys will the last be 
found?) Study carefully these four regions identifying the structures 
that should be present in each. Understand the course that the 
uriniferous tubule pursues from its beginning (Bowman's capsule) to 
the collecting tubules, and the successive regions in the latter. What 
kind of ^land is the kidney (morphological classification) ? Make an 
outline drawing showing the regions. Cvtv-t ko lsi-i'>iu.if \, 

177. {Prep. No. ). Renal Cortex. Tangential 
section. Particularly to illustrate the relation of pars convoluta and 
pars radiata and the structure of the tubules found in the latter. 
Make a drawing of a transected medullary ray. 

178. {Prep. No. ). Renal Papilla. Transection. 
This will show the collecting tubules transected and will probably 
show in some parts the transected tubules of Henle's loop. Sketch 
one of the collecting tubules and a descending or ascending tubule 
of Henle's loop. What other "tubules" are shown in the prepara- 
tion.'' 

179. {Prep. No. ). Injected Kidney. Transec- 
tion. (Tech. § 216). This preparacion will show the relations 
of the blood vessels within the kidney and should be studied in con- 
nection with No. 176 which it supplements. Understand the regions 
in which the following occur and the course they pursue: renal 
artery, interlobar A., arciform A., interlobular A., afferent A., 
glomeruli, efferent A., renal capillaries, interlobular veins, arciform 
v., interlobar V., renal V.,arteriae and venae rectae. Identify them 
in the preparation. 

B. Ureter and Bladder. 

180. {Prep. No. ). Ureter. Transection. In 
addition to the recognition of the three coats and the structure of 
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each, note well (a) the character of the lining epithelium and com- 
pare it with the stratified squamous epithelium (No.'s 101, 107, etc.), 
(b) the direction of the muscular fibers in the two (or three) mus- 
cular layers: compare with the arrangement in the digestive tract 
e. g., intestine. Compare the epithelium with that of the pelvis of 
the kidney (No. 176, No. 178). Draw in outline, filling in detail in 
a small sector of the tube wall. 

181. {Prep. No. ). Bladder: Dilated. Verti- 
cal section. Note the three coats and their structure. Can you 
recognize three layers in the muscular coat.'' What is the course of 
the fiber bundles.'' Recognize blood vessels, nerves, ganglia (?). 
Compare the epithelium with that in No. 180 and with No. 182. 
Sketch a small portion of the epithelium. 

182. {Prep. No. ). Bladder: Contracted. Ver- 
tical section. Compare it directly with No. 181 as to (a) epithelium, 
(b) the muscular layers. Sketch a small part of the epithelium. 

The Urethra is considered in connection with the Reproductive . 

System, under No.'s 191, 192 and 199. , ^ (t^c_^"^<— v. 'i.hS'nt^ 

^ f^ , 6 \-~^^. or cxy^.^^^U^'::^ . 

THE REPRODUCTIVE SYSTEM: MALE.l^ cl_,./ 

183. {Prep. No. ). Testis. Transection. -To /t yj^ 
show the structure of the organ and its tunics. The following parts /^ 
should be recognized: (a) the testis, (b) epididymis; in the testis, o? i' 
the coats, tjie lobules, the tubuli convoluti (contorti), tubuli recti, rete 
testis,; in the epididymis note its relation (as a mass) to the testis, 

the structure of the tubules, the character of the epithelium. What 
portion of the epididymis is shown? Can you recognize the ductus 
epididymis.'' the ductus deferens? Blood vessels. Draw the prep- 
aration showing parts in outline. 

184. {Prep. No. ). Mitosis. Longisection of the root 
tip of an onion, or a section of a larval salamander (Ambystoma). 
Search out dividing cells that show well at least the four typical 
stages: Prophase, Mesophase, Anaphase, Telophase. In studying 
mitosis it is well at first to consider the chromatic and achromatic 
phenomena separately, the former as showing the apparent "purpose" 
in the series of changes ; the latter as though a mechanism for carrying 
it out. Mitosis is also well illustrated in the germ cells. 
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185. (Prep. No. ). Mitosis. Longisection, testis of 
salamander (Desmognathus) . Abundant illustration of the stages 
of mitosis should be found as well as stages in Spermatogenesis (see 
below) which occur in longitudinal succession in the organ. 

186. (Prep. No. ). Amitosis. Preparation of the 
follicle cells from large ovarian eggs in the cricket, surface view. All 
stages may be found. The division appears to start with the division 
of the nucleolus, followed by constriction and division of the nucleus, 
etc. 

187. {Prep. No. ). Spermatogenesis. Section 
of testis for the detailed structure of the seminiferous tubules. Ex- 
amine different tubules and find if possible five different stages ia 
the formation of the spermatozoa, remembering that the process oc- 
curs from the outside toward the lumen of the tubule, so that in the 
innermost layer would be found maturing spermatozoa, in the outer- 
most, spermatogonia, (parietal cells) and between, spermatocytes 
(mother cells) and spermatids (daughter cells) which transform 
into the spermatozoa. Find also the supporting cells (Sertoli cells) 
and observe their relation to the maturing spermatozoa. 

188. (Prep. No. ). Interstitial Cells. Section 
of an embryonal, adult, or a cryptorchid testis. The interstitial cells 
will be found between the tubules. What is their size? Character 
of the cytoplasm? Nucleus? Compare them with the interstitial 
cells of the ovary (No. 195) and with the cells of the corpus luteum 
(No. 194). Can you find them also in No.'s 183 and 187? Sketch a 
cluster of the cells. 

189. {Prep. No. ). Ductus Deferens. Transec- 
tion. Determinethenumber of coats and their structure; the course 
of the fibers in the muscular layers and the character of the epi- 
thelium. Compare it with the epithelium in the duct of the epidi- 
dymis. Draw a section of the tube wall. 

190. {Prep. No. ). Seminal Vesicle {Vesicular 
Glarid). What is the character of the epithelium? Evidence 
of secretory activity? Do you find spermatozoa within the tubule 
or its sacculations? Presence, amount and arrangement of muscular 
tissue. 
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191. (Prep. No. ). Prostate Gland (and Urethra). 

Transection. Understand the relation of the gland to the 
bladder and the urethra. In the section, observe the relation of the 
gland mass to the urethra. Is a division into lobes indicated.'' Note 
the capsule and its structure, the acini, ducts, the connective tissue 
and plain muscle. Does the section include the prostatic utricle? 
Are prostatic concretions present? Note the epithelium of the 
urethra. Sketch one or more acini. 

192. (Prep. No. ). Penis (and Urethra). 
Transection. Draw the section in outline, indicating the corpora 
cavernosa, corpus spongiosum, the urethra, septum penis, blood ves- 
sels, etc. Is any skeletal muscle present? Its name? Character of 
the urethral epithelium. 'i jsJv,, 6 j^ (^; ,,^ , / , , 
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XVIII. 

THE REPRODUCTIVE SYSTEM: FEMALE. 

193. {Prep. No. ). Ovary. Transection. 

Identify the regions ; cortex (zona parenchymatosa) and the medulla 
(zona vasculosa), hilum and ligament. What is the character 
of the covering epithelium? Note the tunica albuginea, beneath 
it the ovaria.<i stroma which contains the follicles and perhaps inter- 
stitial cells, the peripheral zone of primary follicles (resting stage). 
Search the preparation for the following stages in the development 
and growth of the follicle: (a) primary follicle (resting stage), (b) 
follicles with a single layer of columnar (cuboidal) follicle cells; (c) 
follicles with several layers of follicle cells, no antrum; (d) follicles 
with an antrum and many-layered follicular epithelium (mem- 
brana granulosa); (e) mature follicles (or nearly so); (f) degen- 
erating follicles (various stages). In this series, note the appear- 
ance and growth of the zona pellucida, the changes in the ovum or 
egg cell. The parts' of a mature Graafian follicle; — theca and its 
layers, membrana granulosa, antrum folliculi, cumulus oophorus 
(discus proligerus) and its structure (ovum, zona pellucida, corona 
radiata, etc.). Understand the origin of the ova and follicle cells 
and how the ova escape from the ovary. Draw the preparation in 
outline indicating regions; add in detail a small portion of the 
stroma and 3 stages of follicles. 
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194. {Pref. No. ). Corpus luteum. Section 
of ovary removed during pregnancy. Locate the corpus luteum, 
and sketch a group of the characteristic cells in situ. What is the 
significance of the name? Be prepared to discuss the origin, fate 
and significance of the corpus luteum. 

195. (Prep. No. ). Interstitial Cells. Sec- 
tion of ovary. The interstitial cells will probably also be seen in 
No. 193 and 194. Compare with them the interstitial cells seen in 
this preparation, noting differences. What are characteristic fea- 
tures of these cells? Compare them with the interstitial cells of the 
testis. Does the preparation afford evidence as to their origin? 
Compare them with the lutein cells of the corpus luteum. Sketch 
a few of the cells from this section or from No.'s 193, 194. 

196. (Prep. No. ♦ ). Oogenesis. Section of the ovary 
of a new born mammal (1-2 weeks old) : Find in this preparation 
the so-called egg tubes of Pfliiger (sex cords), and remembering that 
their origin is from the surface epithelium (germinal epithelium) 
and that the deeper portions are the older, look for (a) oogonia 
(protobroque nuclei), (b) oogonia in mitosis, (c) "synapsis" stage 
(young oocyte I.), (d) young oocytes (reticular nuclei), (e) older 
oocytes I. in young follicles. Sketch three or more of these stages. 

197. (Prep. No. ). Fallopian Tiibe. 
Transection; one or more levels (fimbria, ampulla, isthmus). What 
is the character of the epithelium? Note the structure and com- 
plexity of the folds of the mucosa. How many muscular coats are 
distinguishable? Their relation to the ligament? Can the inner- 
most one be considered a muscularis mucosae? Serous coat. Draw 
one of the sections, indicating coats in outline. 

198. (Prep. No. ). Uterus. Transection. The 
same coats are present as in No. 197 but note the differences: (a) 
the character of the lining epithelium, (b) the peculiar structure of 
the mucosa (compare with the stroma ovarii), (c) the glands con- 
tained in the mucosa (form and structure), (d) the thickness of the 
inner muscular layer, relation of the outer muscular layer at the 
mesometrium, (e) relations of the blood vessels. Sketch a section 
of the wall. 
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199. {Prep. No. ). Vagina. Vertical section 
of wall (transverse or longitudinal?). Recognize the three coats 
and study the structure of each, noting (a) the character of the 
lining epithelium, (b) the structure of the mucosa, (c) the course of 
the fibers of the muscular coat. Are ganglia recognizable in the 
muscularis or mucosa? Note the number and size of the blood- 
vessels. 

200. {Prep. No. ). Placenta. Vertical section of the 
wall of a pregnant uterus . There is present, in addition to 
the altered uterine structure, fetal tissue constituting the fetal 
placenta:— amnion, chorion, chorionic villi. Note (a) that the uterine 
epithelium is gone, (b) that the glands are no longer open (locate 
them), (c) the modification of the connective tissue cells of the 
mucosa (decidual cells), (d) the enlarged muscle cells of the muscu- 
laris, (e) the extensive lake of maternal blood that bathes the chorionic 
villi which are cut in every possible way. Character of the chorionic 
epithelium. Fibrin and fibrinoid. 
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INTRODUCTION. 

Very few structures of the animal organism can be adequately- 
examined microscopically without being first subjected to a prepara- 
tory treatment involving in many cases the employment of compli- 
cated methods. Save in the case of the body fluids and certain 
membranes, animal tissues are bulky, more or less opaque, and 
therefore unsuited for examination under the microscope which 
requires surface or thin layers of substance. Examination is made 
possible in such cases in one of two ways> — ^the elements composing 
the structure may be separated from each other, or thin slices may be 
prepared. 

The above, however, presents but the grosser aspect of the neces- 
sity of preparation of animal tissues for examination with the micro- 
scope. The histological analysis of bodily structure makes further 
demands on the refinement of methods. Treatment with chemicals 
and stains (Fixation and Staining) has for its purpose not only the 
preservation and delineation of structure, but its identification by 
means of more or less definite chemical (physical) reactions. The 
goal from this side of histological technique is an analysis from the 
chemico-physical as well as the morphological aspect and the inter- 
pretation of morphology in terms of physiology. Increase in our 
knowledge of the finer structure of the body in the past has been, as 
advance in the future will be, accompanied by and dependent on the 
application of a more exact technique along these lines; while for 
those who aim to do practical work in histology and pathology a 
mastery of the more important methods is indispensable. 

Furthermore, in working with chemically altered structure 
there is always the danger of losing sight of the conditions existent 
in the living protoplasm. It is well, therefore, in addition to study 
structure in the living or fresh state, as little altered from the natural 
as may be. There is also very desirable the acquisition of skill in 
the application of simple methods which require neither expensive 
apparatus nor expenditure of time, — methods which while they 
may not advance knowledge, serve often to meet the needs of a 
preliminary examination or rapid clinical diagnosis. 

Of the multitudinous methods employed in microscopic work 
only those are here given which meet the requirements for a general 
working knowledge in histology. In special investigations, it is 
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necessaiy to make a study of the particular technical needs of the 
problem, and for this it is well to consult the larger works on technique 
of which may be mentioned the Encyclopedia of Microscopical 
Technique [6]; The Microtomist's Vade-mecum by A. B. Lee [30]; 
Physiological Histology, by Gustav Mann [36] ; Mallory & Wright, 
Pathological Technique [35]. The books of Gage, Hardesty and v. 
Kahlden-Gierke will also be found valuable for consultation. 

General Histological Technique involves then: 

A. Examining fresh, hy eithevB. otC. Advantageous or necessary 

when haste is required, or in examining the tissue alive. 

B. Isolation or Dissociation. Separating out the elements composing 

a tissue by (a) teasing or (b) treatment with reagents and 
teasing. 

C. Cutting thin sections of the tissue or organ. 

For C. are generally necessary: 

1. Fixing the tissue (§ § 1 — 34). Hardening. 

2. Sectioning by one of the following methods : 

(a) Free-hand, without an imbedding mass, or 

(b) With an imbedding mass, as ^^ ^ p — 

(1) By the Paraffin method (§ 50) , or V ^-'■^ U^ J 

(2) By the Celloidin method (§ 61), or b 0^>-^-^^'<>*-"^ '^ 

(3) By the Freezing method (§ 73) . 

D. Staining; — to outline and differentiate the structure, or pick 

out definite chemical substances. ">-i:Ji 'Vy'-k / C^V' /' '''C- 

E. Mounting;- — for examination under the microscope and per- 

manent preservation. 
In addition, — numerous 

F. Special Methods and methods for the 

G. Histo-chemical Analysis of structure must be frequently applied. 



FIXATION. 

§ 1. Fixation is one of the fundamental processes in the ex- 
amination of plant and animal tissues. A fixer may be defined as 
a fluid (or gas) into which the living or at least very fresh tissue is 
placed in order to preserye the structure of its elements as nearly as 
possible as in life. Living tissue when allowed to die and remain 
undisturbed, gradually loses the structural features it had in life 
and xmdergoes disintegration and decay. Fixation depends upon 
physico-chemical processes wherein the chemical constituents of the 
tissue are thrown down in situ by being rendered insoluble in some 
form or represented by substitution products; the whole being at- 
tended by as little distortion as possible. It should be appreciated 
that the chemical constituents of cell protoplasm and of the tissues 
are numerous and diverse in their chemical and physical properties, 
so that a universal or ideal fixer not only does not exist but is logically \ ' 
inconceivable. The bulk of protoplasm and the tissues is 'protein ' 
and the basis of fixation in general is the precipitation or coagulation 
of these chemical substances. It should be remembered however 
that fats (lipoids*) are a constant though variable component of 
cytoplasm; that carbohydrates (glucose, glycogen, etc.) are usually 
present in small amounts, and that the products of cell activity such 
as secretion-granules, zymogen, etc., may be quite distinctive in 
their physico-chemical properties. Within the cell a certainV'antag- | 
onism" exists between nucleG§ and cytoplasm, the former (^dative, | 
the latter redu cing , requiring oftejr somewhat different fixation | 
conditions. ^ — - - 

For the best results, the fixer should be chosen with a view to 
the preservation of some particular part or constituent, though a 
number of general fixers are very serviceable for routine work. 
Rational fixation will depend upon a detailed knowledge of the 
chemical and physical properties of the constituents that it is de- 
sired to preserve and their interaction with the chemicals of the 
fixer. In many respects, rational fixation still awaits further knowl- , 
edge of the physics and chemistry of fixation^V-7^^ ^^^ ^''^^J^-^l^jrue^i 

§ 2. The chemicals of most service as fixers are: (1) osmic 
acid (osmium tetroxid), (2) platinic chlorid, (3) picric acid (tri- 



*Lipoid, while not a good chemical term is one that is quite useful in histology, 
to include fats, fatty acids, phosphatids, cholesterol, etc., substances that have 
the same solvents and which are found associated in protoplasm. 
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nitro-phenol), (4) acetic acid, (5) chromic acid, (6) mercixric chlorid 
(7) alcohol (ethyl or methyl), (8) potassium dichromate, (9) copper 
dichromate, (10), formaldehyde (formalin, formol)^ (11) nitric acid. 
These are best used in combinations in which their actions are 
mutually supplemented or defects corrected. 

§ 3. Coagulation and Precipitation. As the chemical basis of protoplasm 
and the animal tissues is protein, the most important characteristic of fixation 
is rendering these insoluble by coagulation. Platinic chlorid, mercuric chlorid, 
and chromic acid are most intense and comprehensive in their coagulative action. 
Picric acid is a delicate precipitant of proteins, but the resulting precipitate is 
soluble in water, — hence the rule to wash out these fixers (vide subseq.) in alcohol 
(67-82%). Acetic acid precipitates particularly the nuclear proteins (nucleins, 
nucleo-proteins). As the precipitation of proteins proceeds better in the presence 
of acid, general fixers should be acid in reaction (tV to 5% acetic acid, etc.). 
Osmic acid, potassium dichromate and certain other dichromates, and formalin do 
not seem to coagulate proteins. They are poor fixers of nuclear structures but are 
good cytoplasmic fixers and preservers of lipoids (§ 224). 

§ 4. Penetration. This is necessarily an important requisite in a fixer. 
Nitric acid, trichloracetic acid, acetic acid, potassium dichromate and formalin 
possess (in order given) good penetrative power. Platinic chlorid, picric acid, 
osmic acid, and chromic acid penetrate but poorly. Mercuric chlorid diffuses 
but fairly well. Concentration in the solutions and increase in temperature 
facilitate penetration as well as coagulation, hence in general strong solutions 
are used. 'In some cases fixation at incubator (body) temperature (35-38° C.) 
is to be advised, while with very impervious objects fixation in boiling hot fixer 
is advisable. 

§ 5. Mechanical Distortion. Osmic acid, potassium dichromate, for- 
malin, seem to possess a tendency to cause swelling, while chromic acid, alcohol, 
make the tissue shrink. 

§ 6. The fixing solutions (p. 63) mentioned below which contain 
these salts usually in combination, are useful: (1) Mercuric chloride 
and acetic acid; (2) Zenker's fluid (dichromate-sublimate-acetic), 
(3) Dichromate-acetic (Tellyesnicky's fluid) ; (4) Formol-dichromate 
(Orth's fluid); (5) Copper dichromate-sublimate-acetic; (6) Picro- 
aceto-formol; (7) Hermann's fluid (Platino-aceto-osmic) ; (8) Flem- 
ming's fluid (Chromo-aceto-osmic) ; (9) Carnoy's Sublimate mixture; 
(10) Gilson's fluid (Mercuro-nitric) ; (11) Picro-nitric; (12) Perenyi's 
fluid (Chro mo-nitric). The following, while not balanced fixers are 
serviceable as general fixing fluids or for special purposes: (13) 
Alcohols, (14) Alcohol-acetic, (15) Chloroform-alcohol-acetic, (16) 
Alcohol-acetic-formol, (17) Formaldehyde (formalin), (18) Osmic acid 
(Osmium tetroxid). Obsolete as fixers but having a usefulness in 
certain cases, particularly in the technique of the central nervous 



system (§ § 199, 201, 204) are; (19) Miiller's fluid, (20) Erlicki's fluid 
(21) Potassium dichromate (in aqueous solution). 

In the combination of chemicals in fixing solutions such as those 
mentioned above, they should be chosen to supplement each other's 
actions as far as possible and correct or counteract their defects. The 
combinations must be chosen always with a view to the result desired 
and frequently the components and their relative amounts determined 
empirically, — by experiment. 

§ 7. The following general rules should be regarded in the 
fixation of tissues and organs : 

(1). The volume of the fixing fluid used should be large, ex- 
ceeding the volume of the tissue at least thirty times. The less 
energetic the action of the fixer the greater the amount of fluid to be 
employed. When the fluid becomes turbid it should be changed to 
fresh at once. 

f I. . 

(2). Fix only as small pieces of tissue as possible, or as is prac-w , ^^ r^^ 

ticable from the results desired. The block of tissue should not/'v UL o-^ 
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be more than 1 cm. in one dimension, and if possible let it be muchlx/^ ~vO>-' 
shorter, — only 2 to 5 mm. In some cases (Flemming's and Hermann's ^ "^ "^ ICi 
fluids) much smaller masses are needed (1 to 2 mm. thick). This isfi^-CcM.^ 

desirable for the rapid and complete penetration of the fixer. OioJ~ c ,' 

course, in the case of entire organs it may not be possible to comply y(j,^/.Ox 
with the conditions. Fixation by injection may then be resorted to. - V./L 

Physiological salt solution (§ 35) is first injected through artery of the -.^ 
organ or part in order to remove the blood, and this is followed by V* /^ ' 
the injection of the fixing fluid. ^^*^ r*r\ ^ ^ 

In addition to these two general principles, there are four pointsQ. ^ "^f 
to be carefully considered, upon which the excellence in the results [ 
attained depends; they are (a) the fixer chosen, (b) the time of 
fixation, (c) the washing out of the fixer, (d) the hardening in alcohol 
and the subsequent treatment. 

(a) The choice of a fluid into which the tissue is placed should 
be made dependent on (1) a consideration of the particular feature 
whose preservation is desired and the degree of excellence of fixation 
that is desired or necessary, — whether detail of cell structure or the 
structure of the tissue in terms of cells or structural elements be 
sought ; (2) the penetrating power and the size of the piece that it is 
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necessary to have; and (3) the stain that is desired subsequently 
which is largely determined by the fixation.* 

(b) The time a fixer is allowed to act should be considered in 
connection with the character of the fluid and the tissue. Usually 
the exact limitation of time is a matter of secondary importance 
and the tissue may remain in the fixer indefinitely. In some cases, 
however, its disregard affects the results seriously and as a general 
rule there is a minimum and a maximum time and between them 
an optimum time that should be adhered to. 

(c) After the tissue has been in the fixing fluid a proper length 
of tinie, it is necessary that it be washed thoroughly to remove 
the fixer from it. Usually this should be done by means of water 
or alcohol or both. In general, fixers containing salts insoluble in 
alcohol or but slightly soluble, as osmic acid, chromic acid, potassium 
dichromate, etc., should be thoroughly washed in water. Fixers, 
containing picric acid or alcohol should always be removed by 
alcohol; mercuric chlorid may be washed out by either water or 
alcohol. 

Inadequate washing out of the fixer may either seriously affect 
the cutting quality of the tissue (if it is to be subsequently im- 
bedded), the ease with which it can be stained, or there may be 
formed precipitates in the tissue giving illusory effects, distortions,, 
or at least a dirty appearance to the preparation. Time in properly 
M'^ashing out a fixer is always well spent, as it is a matter for serious 
attention. 

§ 8. Resume. In brief, then: In fixing, take relatively large 
amounts of fluid and small pieces of tissue, choose the fixer well with 
a view to the tissue and the results desired, permit the fixing to 
proceed for a suflicient length of time, and wash out thoroughly. 

HARDENING AND STORING. 

§ 9. Each fixer has also more or less of a hardening action upon the tissue. 
Some fluids spoken of above as fixers were primarily used as hardeners, such as 
Miiller's fluid or Erlicki's fluid, while with others, e. g., picric acid in aqueous 
solution, the hardening action is a minimum. The hardening action of the fixer 



*Numerous papers have been written on the nature of fixation and the action 
and relative value of the various chemicals used for that purpose. The contribu- 
tions of Berg [4], Fischer [7], Mann [36], and v. Tellyesniczky [6] may be 
particularly mentioned. 
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is generally supplemented by the subsequent use of alcohols of increasing strengths 
(50% to absolute, — 99%), as well as in preparation for the paraffin and celloidin 
methods of imbedding. In fact, with modem methods of imbedding excessive 
hardening of the tissue is not necessary and indeed often should be avoided as 
affecting the cutting quality of the tissue. Tissue after fixation has been com- 
pleted may be stored in 82 or 95% alcohol, or (better) imbedded at once (§ 47). 

Alcohols. 50%, 67%, and 82% alcohols form a series of increasing strengths 
sufficient for most purposes. They may be prepared from 95% alcohol by taking 
—(a) for 50% alcohol; 95% alcohol 1 part, watef 1 part; (b) for 67% alcohol; 
95% alcohol 2 parts, wat& 1 part; (c) for 82% alcohol, 95% alcohol 5 parts, 
water 1 part. Dilutions of other strengtBs may easily be prepared as desired 
from 95% alcohol. 95% (94%) alcohol and absolute alcohol are necessary in 
imbedding by the paraffin and celloidin methods (§ 49-). -— 

§ 10. Stock Solutions. It is advantageous to have on hand strong solutions\'T;) ^ J ^ , J ' 
of the chemicals employed as fixers and stains. Where feasible, 10% solutions! ' 
are most convenient. The following are the more important: In aqueous \ J yP 
solution; — 10% potassium dichromate, 10% copper dichromate, 10% chromic y j. ,. 

acid, 10% platinic chlorid, 40% formaldehyde (formalin), 4% sodium sulphate, f ^M- fv~2.t 
4% copper sulphate, 2% osmic acid, saturated solution of mercuric chlorid, 
saturated solution of picric acid, 95% alcohol, absolute alcohol, etc"?, as well as 
the strong acids, stock staining solutions, etc. 
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Fixers 

§ 11. Mercuric chlorid. One may enlploy (o) a saturated solution in 
water or {b) a saturated solution in normal salt solution, with 1 to 5% glacial 
acetic acid. Water will dissolve about 5%, normal salt solution about" 12% 
of the mercuric chlorid. This is a good fixer, especially when the piece is small. 
It fixes as soon as it penetrates and is apt to make tissue brittle if it is left too 
long. Staining after it is brilliant. The larger percentage of acetic acid is, 
perhaps, to be preferred for most histological objects. 

Fix the fresh tissue >^ to 24 hours according to the size of the piece. Remove 
to 67% alcohol for 1 or 2 days, 82% alcohol several days, changing often. The 
82% alcohol should contain enough tincture of iodin to give it a yellow color, 
and fresh tincture added or the alcohol changed when the yellow color of the iodin 
in the alcohol is lost. As long as the alcohol is decolorized, washing should be 
continued, since it is important that the mercuric chlorid be all removed from the 
tissue; otherwise precipitates will form in the preparation after it is mounted 
or before, and spoil the result. Wash out in alcohol thoroughly and carefully. 
Almost any stain may be employed after a mercuric chlorid fixation. 

§ 12. Zenker's fluid. Formula: Potassium dichromate, 2.5 grms. ; sodium 
sulphate, 1 gram; mercuric chlorid, 5 grms.; water, 100 c.c. ; and add before 
using, glacial acetic acid, 5 c. c. A stock solution, without the acetic acid should 
be kept on hand. This is a well balanced fixer; the potassium dichromate seems 
to check the brittleness that the mercuric chlorid would cause and improves the 
fixation of the cytoplasm while the mercuric chlorid and acetic afford a good 
nuclear fixation. It is distinctly better than mercuric chlorid; staining after it, 
however, is apt to be a little more difficult and not as brilliant as with mercuric 
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chlorid fixation. Its penetration is surprisingly good. The sodium sulphate is 
probably unnecessary. Use of physiological (0.6%) salt solution instead of water 
to prevent the formation of precipitates or the addition of a small amount of salt 
to the fluid when made up for use, is recommended by some. 

Fix in Zenker's fluid 12 to 48 hours, wash well in wafer, running or frequently 
changed, 12 to 48 hours, to remove the dichromate; trknsfer to 67% alcohol 
for 1 or 2 days, 82% alcohol for several days, keeping in the dark while in the 
alcohol. To the 82% alcohol add a drop or so of tincture of iodin, adding fresh 
iodin or changing the alcohol when the color is lost. This should be continued as 
long as the iodinized alcohol is decolorized in order to avoid a precipitate of the 
mercuric chlorid in the tissue. Avoid, however, adding an excess of iodin, since 
it will affect the staining quality of the tissue. Stain as you wish. 

§ 13. Helly's fluid. (Zenker-formol). Formula: Zenker's fluid, with 
formalin substituted for the acetic acid. Potassium dichromate, 2.5 grams; 
sodium sulphate, 1 gram; mercuric chlorid, 5 grams; formalin, 5 or 10 c. c, to be 
added before using. Valuable for the fixation of cytoplasm and cytoplasmic 
graniiles, where the acetic acid is to be avoided. Make up from the Zenker's 
stock by adding the formalin. 

Fix 6 to 24 hours or longer, wash in running water 6 to 12 hours, alcohols. 
If it is desired to give a longer mordantage in dichromate, transfer to Miiller's 
fluid or other simple dichromate solution.^ 

§ 14. Dichromate-acetic. (Tellyesnicky's fluid) Potassium dichromate, 
3 grms. ; glacial acetic, 5 c. c, ; water, 100 c. c. This fluid gives good preservation 
of nuclei and of the cytoplasm, the acetic acid checking the bad effects of the 
dichromate. A simpler fixer than Zenker's fluid. 

Fix 1 to 14 days according to the size of piece and the object. Wash in 
running water 12 or 24 hours, and pass up through 25, 50, 67, and 82% alcohols, 
12 to 24 hours in each. 

§ 15. Formol-Dichromate (Orth's fluid). Formula: Potassium dichro- 
mate, 2.5 grms.; sodium sulphate, 1 grm.; water, 100 c. c. (i. e., Miiller's fluid); 
formalin, 10 c. c. A good fixer of cytoplasm, but an indifferent one for nuclear 
detail. It has been especially used in the case of the nervous system (§ 199). 
Other proportions of formalin and dichromate may be taken, the sodium sulphate 
being omitted. It should be freshly made up as it soon deteriorates. 

Fix 3 to 24 hours or longer, wash in running water 12 to 24 hours; 50, 67, 
82% alcohols, 1 day in each. If a long fixation is given, the fluid should be 
frequently changed. 

§ 16. Copper dichromate-sublimate-acetic. Formula: 10% copper dichro- 
mate, 1 part; 4% copper sulphate, 1 part; sat. solution mercuric chlorid, 2 
parts; glacial acetic acid, T?r to 5%, according to need. Similar to Zenker's 
fluid in its general properties and should be used in the same way. Excellent as a 
preserver of cytoplasmic granules of lipoid nature (§ 177-9). A further mordan- 
tage in 2.5% copper dichromate is often advantageous (3 to 4 days). 

By the substitution of formalin (5 to 10%) for the acetic acid, a flxer compar- 
able to Helly's fluid (§ 13) is obtained. 

§ 17. Picro-aceto-formol. (Picro-f ormol) . Formula: Picric acid, satu- 
rated aqueous solution, 75 c. c; formalin, 25 c. c.; glacial acetic acid, 4 c. c. 
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A delicate fixer useful in some cell work and with small objects. The formalin 
may be omitted (Picro-acetic). 

Fix 3 to 24 hours, transfer to 67% alcohol, 1 day, 82% alcohol several days 
changing the fluid frequently as it becomes yellow. Leave in the alcohol until 
the picric acid has been well washed out. 

§ 18. Hermann's fluid. Formula: 1% aq. sol. platinic chlorid, 15 parts; 
2% aq. sol. osmic acid, 4 parts; glacial acetic acid, 1 part; or you may take 
10% aq. sol. platinic chlorid, 3 parts; 1% aq. sol. osmic acid, 16 parts; glacial 
acetic acid, 2 parts; water, 19 parts. This is generally recognized as one of the 
finest fixers known, and it is also the most expensive. The form and structure 
of cells are well preserved. It should only be* employed, however, with very 
small pieces of tissue, and is to be used especially when cell structure is to be 
studied. Fat and the myelin of nerve fibers are stained black. 

Fix in this 1 to 24 hours (or longer — days or weeks are used by some), wash 
well in water (running or frequently changed) 2 to 24 hours, and then place 
in 67% and 82% alcohols, 12 to 24 hours in each. In using this fluid, the smaller 
the pieces taken the better the fixation will be, and in order that it be possible 
to obtain a good stain afterwards tissue should not be over-fixed and the fixer 
should be thoroughly washed out. If there is a blackening of the tissue, or a 
precipitate in it, both may be removed by treatment of the sections on the slide 
with a 10 or 20% solution of hydrogen dioxid in 67% alcohol, or with perhydrol 
(Merck). Employ after Hermann's fluid, as stains, Heidenhain's iron hema- 
toxylin, Delafield's hematoxylin, safranin (as a red stain), or gentian violet (as a 
blue stain), or neutral stains. 

§ 19. Flemming's fluid (Chrome-aceto-osmic). Formula: 1% aq. sol. 
chromic acid, 15 parts; 2% aq. sol. osmic acid, 4 parts; glacial acetic acid, 
1 part; or, 10% aq. sol. chromic acid, 3 parts; 1% osmic.acid, 16 parts; glacial 
acetic acid 2 parts; water, 19 parts. This is a fine fixer and in most cases gives 
as good results as Hermann's, and is not as expensive. It browns tissue less, 
and while it blackens fat, does not blacken the myelin of myelinic nerve fibers 
as does Hermann's. It should be employed in general in the same cases and in 
the same way as Hermann's fluid, and is especially useful in the preservation of 
free fats and lipoids (§ 227) . The presence of chromic acid gives it a distinct value 
as a cytoplasmic fixer. 

Fix tissue 1 to 24 hours (or longer); wash well in running water 2 to 24 
hours; place in 67% and 82% alcohols, 12 to 24 hours in each. Bleaching of 
the sections may be necessary, as with Hermann's fluid. Take only very small 
pieces of tissue. Employ the same stains as with Hermann's fluid. 

The reduction of the acetic acid to 3 or 4 drops (about tV%) is advisable when 
cytoplasmic granules of lipoid composition (§ 178) are to be preserved. The fluid 
may then be spoken of as Benda's fluid. 

§ 20. Mercuro-nitric (Gilson's fluid, modified). Formula: Nitric acid (46°, 
sp. gr. 1.456, 80%), 15 c. c; Glacial acetic acid, 4 c. c; Mercuric chlorid, 20 grms.; 
95% alcohol, 60 c. c; distilled water, 920 c. c. A good fixer, especially useful 
where rapid penetration is a factor, and as a fixer of cells rich in yolk (amphibian 
ova, etc.). 

Fix 12 to 24 hours, transfer to 50, 67, and 82% alcohols. lodin should be 
used to ensure the removal of all the mercuric chlorid (see § 11). 
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§21. Picro-nitric. Formula: Distilled water, 95 c. c. ; nitric acid (strong) , 
5 c. c; picric acid, to saturation. Only to be recommended for eggs rich in yolk- 
and where a high power of penetration is required. 

Fix 4 to 12 hours, transfer to 67% alcohol, 1 day 82% alcohol several days 
changed frequently. It is necessary to wash out thoroughly which is accomplished 
however, with difficulty. 

§ 22. Perenyi's fluid. Formula: 10% aq. sol. nitric acid, 4 parts; 95% 
alcohol, 3 parts; J/2% aq. sol. chromic acid, 3 parts. An embryological fixer 
of much value. It is also serviceable for general work. 

Fix tissue for 4 to 5 hours, place in 67% alcohol for 1 day, 82% alcohol several 
days. 

§ 23. Alcohol. 95%, 67 or 70% alcohol. The employment 

of most of the fixers so far mentioned requires the expenditure of considerable 
time, rendering them inapplicable or unsuitable in many instances. 95% alcohol 
itself answers admirably for most histologic objects, fixing well, hardening and 
likewise dehydrating (§ 49) preparatory to imbedding in paraffin or collodion, 
affording thus a considerable economy of time. It is also most serviceable in 
pathological tissues where the presence of bacteria is suspected. In some instances 
67% alcohol answers as well or better, while in other cases absolute (99%) alcohol 
should be employed. 

Fix in 95% alcohol for 1 to 3 days, changing two or three times, after 3 or 4 
hours and after 24 hours. The tissue will probably be found to be dehydrated 
and ready for the next step of the imbedding process (§ 51 or 62). Stain as you 
wish. 

§ 24. Alcohol-acetic. The addition of 5% glacial acetic acid to 95% 
alcohol or absolute alcohol increases the penetrating power and improves the 
cutting quality of objects containing much connective tissue. The following 
formula possesses high penetration and is sometimes useful: 

§ 25. Alcohol-acetic (Camoy's fluid, 3-1). Formula: Glacial acetic acid 

1 part, 95% or absolute alcohol, 3 parts. Transfer after fixing to 95% or absolute 
alcohol, changing each day until the acetic acid is well washed out. 

§ 26. Chloroform-alcohol-acetic. (Carney's 6-3-1 ). Formula: 95% or 
absolute alcohol, 6 parts; chloroform, 3 parts; glacial acetic acid, 1 part. Fix 

2 to 24 hours or longer, transfer to 95% alcohol, changed two or three times. 

§ 27. Carney's Sublimate mixture. The above (§ 26) with mercuric chlorid 
added to saturation. A very penetrating and excellent fixer, particularly useful 
for nuclear preservation and for embryos. 

Fix 1 to 24 hours, transfer to 95% alcohol for 1 day, then to 82% alcohol for 
several days, changing daily and adding iodine solution (§11) until the excess 
mercuric chlorid is removed. 

§ 28. Alcohol-acetic-formol. Combinations such as the following are 
useful for general purposes. V. Luko's formula: Alcohol, 67%, or 82%, 100 c. c. 
glacial acetic acid, 5 c. c; formalin, 5-10 c. c. 

Fix for 12 to 24 hours or longer; remove to 67% or 82% alcohol for 1 day 
or more. 

§ 29. Formaldehyde. Solutions of this chemical have been found to be 
good preservatives and hardeners and fairly good fixers. It penetrates rapidly. 



15 

and preserves the natural transparency and pigmentation of the tissue, making it 
valuable for gross anatomy and museum purposes. As a fixer, an aqueous solu- 
tion of 2 to 4% strength may be employed, or it may be used, which is preferable, 
in conjunction with other chemicals, as picric acid, in picro-formalin, or chromic 
acid and acetic acid. 

Formalin is a 36 to 40% solution of formaldehyde (gas) in water. A small 
amount of formic acid is also present. A 10% solution of formalin, that is a 4% 
solution of the formaldehyde is a satisfactory strength for most histological 
purposes. 

Fix 12 to 24 hours, remove to 67% alcohol for a day, 82% alcohol one to 
several days. Stain as you wish. , 

§ 30. Osmic acid. A very useful as well as expensive reagent and somewhat 
difficult to use. It is generally employed as a fixer in conjunction with other 
reagents, as in the mixtures (§ § 18 and 19). When used alone as a fixer weak 
solutions are generally best — rVto 1%. It penetrates slowly and it "'over-fixes" 
cells very easily, obscuring detail and giving the parts a homogeneous, glassy 
appearance. Over-fixed cells cannot be stained, or with great difficulty. More 
or less blackening of the protoplasm also occurs. It may be used chiefly to demon- 
strate fat, which is blackened by it, and the zymogen of pepsin and trypsin, which 
it preserves and browns slightly. 

Fix small (about 2 mm. thick or less) pieces of tissue in 1 % osniic acid for 6 to 
12 hours, wash well in water (running or changed frequently) for 12 to 24 hours, 
and place in 67% and 82% alcohols. It is somewhat difficult to prevent pure 
osmic acid of this strength from over-fixing the tissue, and cell detail is generally 
lost, though the form of cells is well preserved. 

§ 31. Nitric acid. A 10% solution of nitric acid is serviceable in fixing the 
blastoderm of the chick. 

§32. MiiUer's fluid. Formula: Potassium dichromate, 2.5 grams; sodium 
sulphate, 1 gram; water, 100 c. c. Make up from stock solutions. This fluid is 
more of a hardener than a fixer; it should be avoided (as likewise Erlicki's fluid 
and potassium dichromate) when the preservation of nuclear structure is desired. 
Staining after its use is sometimes difficult. It is, however, occasionally useful 
for general work, although such formulas as Zenker's fluid or Helly's fluid are 
generally to be preferred. 

Place the object in an abundance of the fluid and harden for from 1 to 8 
weeks, changing the fluid at first each day. In general, 10 to 14 days will be 
sufficient. Wash in running water for 24 to 48 hours or longer, remove to 67% 
alcohol for 1 to 2 days, 82% alcohol several days. Keep in the dark while in the 
alcohols, and change to fresh when the fiuid is colored yellow. Tissue hardened 
in MiiUer's fluid cuts well, and it is useful in preparing sections of large organs, or 
organs with much connective tissue. Its chief usefulness is, however, in the study 
of the nervous system (§ 199-). 

§33. Erlicki's fluid. Formula: Potassium dichromate, 2.5 grams; copper 
sulphate, 1 gram; water, 100 c. c. Make up from stock solutions. This is quite 
similar to MiiUer's fluid in its action and results, save that its action is more rapid 
and stronger. Therefore, it had better be employed with smaller objects, and 
allowed to act only 2 to 14 days. Otherwise, employ like MuUer's fluid. 
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§ 34. Potassiiim dichromate. 2%, 3%, and 5% aqueous solutions. This 
is quite similar to MuUer's fluid in its action, and may be employed in the same 
cases. It is generally used for the central nervous system. 

Harden in an abundance of the solution for 2 to 8 weeks, beginning with 
the 2% solution for 2 to 6 days, 3% solution 1 to 3 weeks, 5% solution 1 to 3 
weeks. Wash out in running water 24 to 48 hours. Place in 67% and 82% 
alcohols several days, keeping in the dark meanwhile, changing when the alcohol 
is colored. 



ISOLATION. 



§ 35. One of the simplest ways of examining the structure of 
a tissue is the separation from one another of the structural elements 
composing it, thus permitting its analysis. Likewise, for a correct 
conception of the forms of the cells and fibers of the various tissues 
of the body, one must see these elements isolated and thus be able 
to inspect them from all sides. It frequently occurs also that isola- 
tion is not quite complete and one can see in the clearest manner 
the relations of the cells or fibers to one another. 

In the employment of this method the tissue may be taken 
fresh and isolation accomplished by teasing with needles or similar 
instruments; or it may be treated with media which will serve to 
render teasing partially or entirely unnecessary. In such cases 
simply shaking or gently tapping the preparation will often suffice. 
In many instances it is desired to examine the tissue while the 
elements are still alive, as, for example, in the study of ciliated 
cells, and recourse must be had to some "normal," "indifferent" 
medium. Best of all is the medium with which they are bathed dur- 
ing life — in the case of tissue from the animal body, blood serum, 
the aqueous humor of the eye, liquor amnioticus, or, as aa artificial 
substitute often more convenient if reagents are to be used subse- 
quently, 'physiological or normal salt solution, being a 6 /lO to 9 /10% 
solution of common salt (sodium chlorid) in distilled water. 6 /10% 
is suitable for use with Amphibian tissue; 75/100% is normal for 
reptiles and 9/10% best for mammals. Other normal physiological 
solutions may in some cases be preferable, such as Ringer's solution, 
Locke's solution, etc. 

§ 36. The use of chemical solutions to facilitate isolation of the 
elements is called Maceration. The chemical agents or solutions for 
isolating are, in general, the same as those used for fixing and hard- 
ening. But the solutions are only about one-tenth as strong as for 



17 

fixing and the action is very much weaker and requires from one or 
two hours to as many days. In the weak solution the cell cement or 
connective tissue is softened so that cells and fibers may be separated 
from one another, and at the same time the cells are preserved. In 
other words, a weak fixing action is retained while the hardening 
action is reduced on dilution. The time required for the action of 
the dissociator varies inversely as the vehemence of the fixer and 
the density of the tissue, 2 to 3 hours to several days. In fixing and 
hardening, on the other hand, the cell cement, like the other parts of 
the tissue, is made firmer. It is better also to dilute the fixing agents 
with normal salt solution than merely with water [15]. Those 
chemicals that are "cytoplasmic fixers" such as potassium dichro- 
mate, Miiller's fluid, formaldehyde, osmic acid, appear to be especi- j 
ally useful in the dissociation of epithelia. 

For the isolation of muscle, alkalis or mineral acids, which soften 
or dissolve the connective tissue are to be employed. Horn, nail and 
hair require strong mineral acid or (usually) weak alkali. 

§ 37. Of the many maceration fluids or dissociators the follow- 
ing may serve most of the needs of histology: (1) Miiller's fluid dis- 
sociator; (2) formaldehyde dissociator; (3) osmic acid (1/10%); 
(4) sulphuric acid (strong); (5) nitric acid dissociator; (6) caustic 
potash dissociator. 

§ 38. Miiller's fluid dissociator. Formula: Miiller's fluid, 1 
part; physiological salt solution, 9 parts (i. e., potassium dichromate, 
2.5 grams; sodium sulphate, 1 gram; sodium chlorid, 9 grams; 
water, 1,000 c. c). [15]. 

This is a good dissociator for epithelia, including glands. Dilution 
decreases the hardening action of Miiller's fluid as is shown especially 
on the cell-cement, — hence its dissociating action. Considerable 
latitude in time is allowed in the use of this dissociator; 12 hours 
being often sufficient, although a stay of several days in the dis- 
sociator usually does no harm. 

§ 39. Directions for use. In the employment of this fluid for 
the isolation of epithelial cells, proceed as follows: 

Place the tissue covered with the epithelium which it is desired 
to isolate in the dissociator in a shell vial or dish, where it may re- 
main from 2 to 3 hours to 2 to 3 days; for the epithelium of the tra- 
chea, intestines, etc., the action is sufficient in 2 to 3 hours, although 
good preparations may be obtained after two days or more. For the 
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stratified epithelia, like those of the skin, mouth, etc., it may require 
1 to 3 days for the most satisfactory preparations. After the tissue 
has remained in the dissociator a sufficient time, scrape the epithelial 
surface gently with a scalpel and place the scrapings on a slide in a 
drop of dissociator; cover and examine. If one proceeds after two 
hours or so, probably most of the cells will cling together, and in 
the various clumps will appear cells on end showing the tops or 
bases, and other clumps will show the cells in profile. 

Tap the cover gently with a needle-holder or other light object 
in order to separate the cells from each other more completely. 
Many fully isolated cells as well as cells in groups will be seen. Ex- 
amine carefully. 

§ 40. Staining. Scrape gently the epithelial surface in a fresh 
spot and place the scrapings on the slide in a drop of eosin (§ 114) 
or Congo red (§ 113). Mix" well so that the stain can penetrate. If 
for temporary examination, cover immediately and examine as be- 
fore. For methods of making permanent preparations of dissociated 
cells and mounting in glycerin, see § § 151—. 

§ 41. Formaldehyde Dissociator. Formula: 40% formaldehyde 
(formalin), 2 c. c; physiological salt solution, 1,000 c. c. (i. e., 
.08% sol. of formaldehyde in normal salt solution). This is a good 
general dissociator and as such may be employed instead of Miiller's 
fluid dissociator. It is especially serviceable in the isolation of the 
nerve cells of the brain and spinal cord [13], and for its use with 
that material, see § § 151—. It is however excellent for the dissocia- 
tion of epithelia. 

§ 42. Osmic acid. A 1-10% solution of osmic acid is a valua- 
ble dissociator, especially serviceable in the isolation of nerve-fibers, 
myelinic and amyefinic, and when fat is present, since fat and the 
myelin of myehnic nerve-fibers are blackened by it. Twelve to twen- 
ty-four hours generally affords sufficient time for it to act. (§ 193, 
227). 

§ 43. Sulphuric Acid. This is used in the concentrated form 
as a dissociator of the epithelial cells of hair, horn, and nail. If 
heated, a few minutes suffice; employed cold, a day or two may be 
required. 

§ 44. Nitric acid dissociator. [8] Formula: Strong nitric 
acid, 20 c. c; water, 80 c. c. See § 189a. This fluid is employed in 
the isolation of muscle fibers, both striated and plain. 
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§ 45. Caustic potash dissociator. [8] Formula: Caustic 
potash, potassium, hydroxid (in sticks), 35 to 40 grams; distilled 
water, 65 or 60 c. c. This solution will be used for the isolation of 
cardiac muscle 'cells', although it may be used for striated or plain 
muscular tissue, or as a general dissociator. It may also be employed 
for isolating the cells of hair, horn or nail, either full strength or 
diluted. 

Ten to fifteen minutes or longer will be enough for the isolation 
of heart muscle (§ 189 h); 2 to 3 days may be required for the ade- 
quate maceration of cornified epithelial cells. 



SECTIONING. 



§ 46. In addition to the examination of tissue by the separa- 
tion of the component elements — isolation — it may be examined 
microscopically after cutting very thin slices or sections of it. This 
may be done free-hand or by means of a special machine, a micro- 
tome, and with or without an imbedding and supporting mass. 

For the finer work an imbedding mass and a microtome must 
be used. Free-hand sectioning without an imbedding mass, and 
even without previous fixing is, however, necessary or advisable 
when economy of time is a desideratum, as in clinical examinations 
of tissue, when one wishes to study the part alive or fresh (i. e., 
not treated with reagents), or if the reagents necessary for fixing 
and imbedding destroy or alter the structural features to be investi- 
gated. 

The ability to recognize tissues and organs unaffected by re- 
agents and without the employment of methods involving the ex- 
penditure of time and effort is very desirable, especially in patho- 
logical work, when haste often forbids the employment of the finer 
methods, were facilities for their use available, as in some cases 
they are not. Great skill in the use of simple tools may be gained 
and counts for much. It should be remembered also that the greater 
one's knowledge of a structure the less the need to resort to special 
methods of preparation for its recognition. 



IMBEDDING METHODS. 

§ 47. When the consideration of time is not so important and 
finer results are more to be desired, the sections should be prepared 
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according to some method in which an imbedding mass is used. The 
interstices of the tissue are completely filled with some substance 
that will give support and greater consistency and homogeneity to 
the tissue, and thereby enable the cutting of much thinner and more 
perfect sections. 

There are three methods that are generally employed, (a) the 
Paraffin method, (b) the Celloidin (Collodion) method, and (c) the 
Freezing method; the imbedding masses to fill the spaces being re- 
spectively parafiin, collodion and a congelation mass, — ice. The last 
is the simplest; it requires less expenditure of time, fewer reagents, 
and its results are in some ways the crudest. As in cutting free-hand 
sections without imbedding, the freezing microtome should be em- 
ployed when haste is necessary and finer detail unimportant, as in 
clinical work. The two remaining methods may be employed in most 
cases and give good results. A choice between them must be deter- 
mined by the special requirements of the case and a consideration of 
the differences of the two methods as set forth in tabular form below: 

CELLOIDIN. PARAFFIN. 

No heat required. Heat required. 

Sections relatively thick ; 10 to 25 mi- Sections relatively thin ; 1 to 10 microns 

crons or more. ' or more. 

Imbedding mass usually not removed. " Imbedding mass removed. 
Sections usually cut wet (with alcohol or Sections cut dry. 

oil). 

Knife oblique. Knife usually set at right angles. 

Cutting stroke slow. Cutting stroke usually rapid. 

Form of the organ better preserved. Usually more or less distortion. 

Imbedding requires more time. Imbedding requires less time. 

Celloidin stains with basic dyes. 

In general, better for larger specimens. Better for smaller objects. 

§ 48. Despite the differences, the two methods may in most 
cases be used interchangeably. The advantages of the paraffin 
method are (1) the facility of its use and the ease with which thin 
sections may be obtained and its adaptation to serial sectioning. 
Celloidin is particularly useful when heat is injurious or the paraffin 
solvents (clearers) dissolve out substances which it is desired to 
preserve. Its main defect is the readiness with which the celloidin 
stains with basic stains, particularly such as Iron Hematoxylin and 
the coal-tar dyes (safranin, gentian violet, methylene blue, etc.) 
The celloidin may, however, be dissolved out. See § 136. 

§ 49. The following table will indicate the steps in the employ- 
ment of the two methods: 
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Paraffin Method 

I 



Living tissue 

.1 
Fixing 

(§ § 1-) 

^. 
Washing 

1 
Alcohols (§ 9) 

(50%, 67%, 82%) <- 

I. _ 
Dehydration 
(95%-99%o alcohol) 



-Staining in toto 
(§79) 



Celloidin Method 



i 



Toluene, 1 part. . . . 

Abs. Alcohol, 1 part. 

(1 hr. to 1 day) 

i 
Pure toluene, 

(1 hr. to 1 day) 

I 
Toluene, 1 part, 
Paraffin, 1 part. 
(2 hrs. to 2 days) 

I 
Pure Paraffin 

(2 -to 24 hrs.) 



Imbedding paraffin, 
mass cooled. 



. Clearing . 



. . .Infiltration. 



. Imbedding . 



Paraffin sections 
cut 



Sectioning . 



. . . Ether-alcohol 
(1-2 days) 

1 .. 
Thin celloidin 

(2% solution) 

(1-14 days) 

i 
Thick celloidin 

(6% solution) 

(1-14 days) 

i 
Thick celloidin 
(12% solution) 
(1-14 days) 

1 
Celloidin mass 

hardened in 

chloroform 

i 
Celloidin block 

clarffied or 

placed in 82% 

alcohol 



Celloidin sections 
cut 



THE PARAFFIN METHOD. 

§ 50. As seen by the above scheme, the aim is to fill all the 
interstices of the tissue with paraffin of the right degree of hardness 
to have it cut well. Paraffin is not soluble in water or alcohol, but 
is soluble in a number of fluids which in turn are miscible with alco- 
hol. Hence the following steps are necessary: (1) the tissue must 
be first water-rid, thoroughly dehydrated with strong alcohol; (2) 
freed from the alcohol, cleared by a fluid that mixes with melted 
paraffin which (3) .takes the place of the clearer in the tissue, infil- 
trates it, filling the spaces; (4) finally, the tissue is imbedded in 
paraffin of the right degree of hardness, the mass cooled, and it is 
ready (5) to cut, or section. 

§ 51. Dehydration. After the various steps pertaining to the 
fixing and hardening (§ § 7, 9) of the tissue have been properly 
pursued it may be stored in alcohol of 82% to 95% strength depend- 
ing on the tissue and its purpose. The dehydration necessary 
in imbedding may be accomplished by immersion in alcohol of 95% 
strength. For most work it is perhaps better to employ stronger 
(absolute) alcohol. If xylene or toluene are used for clearing absolute 
alcohol must be used. 

Immerse small pieces 2 to 3 mm. in diameter for at least 6 to 8 
hours in 95% alcohol changed once or twice. A longer time, even 
days, usually does no harm and is preferable to ensure complete 
dehydration. For larger pieces of tissue or entire organs a corres- 
pondingly longer period of dehydration should be employed, a several 
days' stay, with the alcohol changed daily, being often advisable. In 
any case, dehydrate thoroughly, changing the alcohol 1 to 3 times, the 
last change usually being to absolute alcohol. Let the tissue dehy- 
drate for a longer rather than a shorter period of time. 

§ 52. Clearing. The alcohol must next be replaced by some 
solvent of paraffin which is miscible with alcohol, — a step spoken of 
as clearing. Toluene* is one of the most serviceable clearers, although 
for special purposes other media such as xylene, cedarwood oil, 
bergamot oil or chloroform may be preferred. Toluene (and xylene) 
mix well only with absolute alcohol, hence the dehydration needs to 
be thorough, and the clearing and infiltrating is best accomplished by 
a number of steps. After the absolute alcohol, the tissue is placed (1)- 



*Benzene, toluene, xylene, etc.; the terms adopted by American chemists. 
In Europe the same substances are designated xylol, benzol, etc. 
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in equal parts of toluene and absolute alcohol for 1 hour to 1 day; (2) 
this is replaced by pure toluene for an equal period when the tissue 
•will be clear and translucent, — except, of course, such as is dark in 
color. 

Xylene may be used in place of toluene in nearly all cases. Steps 1 and 3 may 
often be omitted with very small objects. In some cases it is well to clear with 
cedarwood oil first (§ 54) and then transfer to toluene (or xylene), toluene paraffin, 
etc. Familiarity with the tissue and the reagents will permit considerable depart- 
ture from a fixed line of procedure. 

§ 53. Infiltration. After the tissue is completely cleared in 
the toluene, remove it to a dish of (3) melted infiltration paraffin 
1 part, toluene 1 part, and set it in a warm place (about 38° C), so 
that the paraffin may remain melted and the toluene slowly evaporate. 
After several hours or even days with very large pieces place the tissue 
in (4) pure paraffin in the paraffin oven for 2 to 24 hours, depending on 
the size of the piece. Quite large pieces may be left longer ; with them 
one or two changes to fresh infiltration paraffin may be necessary. 
The melted paraffin replaces the toluene, filling in the interstices of the 
tissue. Paraffin melting at about 52-54° C. is used. It is best not to 
expose to a higher temperature than is necessary, or for a long period 
of time as the heat tends to shrink and toughen, especially if the dehy- 
dration (and consequently the clearing) have been incomplete; this 
is particularly true of organs rich in connective tissue. The paraffin 
oven will be maintained at a temperature of 54-5° C. 

§ 54. Other Clearers. Cedarwood oil is a good clearer. It will clear from 
95% alcohol if the dehydration has been carefully done. The tissue should be left 
in the cedarwood oil until it sinks and the alcohol ciirrents have ceased to rise from 
it. The steps are given below. Thickened cedarwood oil such as is used for 
immersion objectives has been found to give excellent results with small objects 
and is to be recommended for some cell work. Chloroform gives excellent results 
but it penetrates (clears) slowly, so that it should be used only with small pieces 
of tissue. Chloroform or thickened cedarwood oil is to be employed with objects 
in which it is desired to preserve fat which has been blackened by osmic acid 
(§ 227). 

CHLOROFORM. CEDARWOOD OIL. 

Alcohol (97-99 %) . 95 % or absolute alcohol. 

Chloroform, until it sinks below the sur- 
face. 

Chloroform and paraffin, equal parts, 
for 4-48 hours, at incubator tempera- 
ture (38 C). cedarwood oil. 

Pure paraffin, in the paraffin oven. Pure paraffin, in paraffin oven. 
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§ 55. Imbedding. It is best to use fresh paraffin for imbed- 
ding and sometimes with a melting point higher than that of the in- 
filtration paraffin, — 52 to 54° C. paraffin, answers well in a room of 19° 
to 20° C, and will be generally used. If the cutting is to be done in 
a room of lower temperature, a softer grade of paraffin may be used 
for imbedding; if at a higher temperature, a harder paraffin should be 
chosen, as when summer work is necessary. 

As a general rule, hard tissues require a harder imbedding par- 
affin which is also better when very thin sections are desired. Large 
sections which usually must also be relatively thicker need a softer 
paraffin. It is better to work with a paraffin harder than the room 
temperature itself would call for and then regulate the cutting tem- 
perature by placing a source of heat such as an electric light nearer 
or farther away from the microtome knife. 

Make a small paper box, fill it with the melted imbedding paraffin; 
float the box on a dish of cold water; transfer to it the tissue, from the 
paraffin oven, arrange it carefully in the box in the way you wish it 
for cutting, and let the mass cool. 

§ 56. In imbedding in paraffin observe the following rules: 
(1) Take, no more paraffin (no larger box) than is needed to form a 
mass of convenient size around the specimen. The aim is to have 
as homogeneous a mass as possible; paraffin tends to crystallize if 
it cools slowly, hence the smaller the mass the more rapidly may it 
be cooled. (2) Let the imbedding paraffin when poured into the 
box be several degrees above its melting point, and the tissue like- 
wise should have an equal temperature. Should the imbedding 
paraffin (or the tissue) be too cool it will not set well around the 
specimen, and a film of air may be enclosed. On the other hand, 
take care that the paraffin is not hot enough to "cook" the tissue, 
thereby shrinking it and rendering it hard and tough or ruining it 
altogether. (3) Cool the paraffin by floating the box on cold water. 
A homogeneous, translucent, paraffin mass can only be secured if it 
is quickly cooled. • When a fllm has formed on the surface strong 
enough to resist rupture, immerse the block, or drop 95% alcohol 
upon the surface. Ice is an advantage in summer imbedding if cold 
water is not available. When ice or cold water are not available, 
good results have been secured by floating the box on a shallow dish 
of (used) ether-alcohol (§ 63). A homogeneous paraffin is only 
secured if the paraffin is allowed to shrink in cooling; it is therefore 
well to make the boxes as shallow as possible, — that is, much broader 
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and longer than high. Watch glasses, watch crystals, small tin pans, 
etc., may be used as imbedding receptacles. 

§ 57. Crystallization of the imbedding mass. Paraffin that has crystallized 
is crumbly and will not give good sections. When crystallization has occurred, 
it is best to reimbed. Its occurrence is usually due to too slow a cooling of the 
imbedding mass, or cooling under conditions that prevent the paraffin from shrink- 
ing. It is sometimes due to the presence of impurities in the paraffin, such as 
water (?), excess of clearer, etc. 

§ 58. Cutting the sections. The essentials for good paraffin 
sectioning are (1) well-imbedded tissue, (2) a sharp microtome knife 
(or section razor), (§ 173), (3) a room of the proper temperature, and 
(4) the paraffin block properly trimmed and arranged in the micro- 
tome. Furthermore, tissues fixed and hardened in different ways cut 
very differently. Tissue fixed in Hermann's, Flemming's, MuUer's, 
Zenker's fluid or Carnoy's fluid, etc., cuts well; alcohol and mercuric 
chlorid tissue is more apt to be tough or hard, etc. The different 
organs and tissues have of course very different adaptabilities to the 
method. 

After the imbedding mass is well cooled, remove the paper box 
and trim the part containing the tissue in a pyramidal form, two of 
the sides at least being as nearly parallel as possible. Clamp the 
block of paraffin in the holder of the microtome so that the tissue 
will be at the proper level for cutting, being careful to have the par- 
allel sides also parallel to the edge of the knife. If a ribbon micro- 
tome is used, heat the holder and melt the end of the block upon it. 
Cool and place the holder in its place in the microtome, again hav- 
ing the parallel sides and the edge of the knife parallel. Use a very 
sharp, dry section knife for cutting the sections. Clamp it in the 
microtome slightly inclined to the cutting surface of the tissue. If 
the temperature of the room is right for the paraffin used, the sec- 
tions will remain flat, and if the directions given above for trimming 
and arranging the block be observed, they will adhere and thus form 
a ribbon. If the room is too cold or the paraffin too hard, the sec- 
tions will roll; if it is too warm, the sections will crush or be imper- 
fect. If a microtome in which the knife is not fixed, is used, make 
the sections with a rapid straight cut as in planing. Do not try to 
section with a drawing cut as used in celloidin sectioning. lOM- will 
be found the most convenient thickness for the sections, though in 
special cases they should be thinner or even thicker. Handle the 
sections by means of a camel's hair brush, a needle, or sometimes on a 
scalpel handle, when cutting ribhpns, etc. 
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§ 59. Difficulties in sectioning, (a) Rolling of the sections indicates too 
hard a paraffin, tissue or both, or too low a cutting temperature; bring the 
source of heat nearer or await better conditions, (b) Crushing together of the 
sections or wrinkling. Too soft a paraffin, too high a temperature, imperfect 
infiltration : alter conditions or reimbed, or reinfiltrate, etc. (c) The sections do 
not ribbon. Due usually either to (a) or to a failure to have the two sides of the 
block trimmed parallel and set parallel to knife edge, (d) The sections crack 
parallel to knife edge: tissue very brittle, (e) The sections are electric. The 
electricity is mainly due to friction in the cutting. The hardness of the tissue, — 
in some cases due to presence of metallic salts^ — or imperfection in the knife edge 
seem in many cases to be responsible; although in many instances the cause 
appears obscure. A tube of radium or a strong induction coil operating in the 
immediate neighborhood is said to obviate the difficulty. 

Remember to have the paraffin block trimmed with two sides 
parallel and the knife edge parallel to these. Also, do not attempt 
to cut if the temperature of the room is too high, — above 23° C. 

§ 60. Resume of the method. To obtain as good results as 
possible with a certain organ fixed and hardened in a certain way, 
the steps must be carefully and exactly followed. Let the dehydra- 
tion be complete, clearing thorough, infiltration sufficient; imbed, 
carefully observing the three cautions mentioned; and in cutting, 
remember to have a sharp knife, a cool room, and the imbedding 
block properly trimmed. Success also depends largely on the pre- 
vious treatment in the fixer and on the care with which the fixer is 
washed out. 

Properly employed, the paraffin method is widely serviceable, 
being only useless where the tissue is very large, very hard, hard- 
ened or injured by heat, or where the exact form of a large organ is 
important. 

THE CELLOIDIN METHOD. 

§ 61. A comparison with the paraffin method has already been 
given (§ § 47, 48); there may be emphasized here three points: (1) 
with paraffin heat is required, with celloidin no heat; (2) paraffin 
must be removed from the sections subsequently, celloidin need not be 
and usually is not dissolved out; (3) by the paraffin method may 
be obtained small sections (5 cm. square or less), and thin, by the 
celloidin, larger sections, but thicker. With paraffin heat (melting 
and cooling) is necessary, and the mass is sometimes spoken of as a 
fusion imbedding mass; celloidin is a solution, and the mass is left 
in the tissues by evaporation, or its equivalent. 
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In the celloidin method the imbedding mass with which the 
spaces of the tissue are to be filled is collodion, a solution of celloidin 
or proxylin* (soluble cotton) in ether and alcohol, hence the steps, 
which are comparable with those of the paraffin method (see § 47), 
are (1) Dehydration, removal of the water; (2) Saturation with 
either-alcohol, the solvent of the celloidin; (3) Infiltration with cel- 
loidin solutions, a thin and a thick; (4) Imbedding in a thick cel- 
loidin mass, which is hardened and (5) sections cut. 

§ 62. Dehydration. Let it be complete, as in the prepara- 
tion for paraffin imbedding (§ 51). Immerse the tissue in 95% 
alcohol for 12 to 24 hours or longer, changing 1 to 3 times. Consult 
also § 51 upon the dehydration of tissue. 

§ 63. Saturation with ether-alcohol (equal parts of pure ether 
and absolute alcohol). Remove the tissue from the strong alcohol 
and place it in a stoppered vial of ether-alcohol for 12 to 24 hours. In 
addition to preparing the tissue for the collodion solutions, it com- 
pletes the dehydration, should it be imperfect. In special cases, or 
if the dehydration is yery thorough and the specimen small, this step 
may be omitted. A satisfactory infiltration is, however, more cer- 
tain if ether-alcohol be used. 

§ 64. Infiltration, (a) with thin celloidin. Pour off the 
ether-alcohol and add the thin (2%) solution of celloidin in ether- 
alcohol. This, being a solution in ether-alcohol with which the tissue 
is saturated, readily permeates it. It is best to allow at least a day 
for this to take place, although if there is time a stay of several days 
is better, there being little or no danger of deterioration while in the 
solution. With large (1 c. c. -)-) objects an infiltration of a week or 
even a month is advisable. 

Infiltration, (b) with thick celloidin. Pour off the thin col- 
lodion solution and add thick (5 or 6%) solution (in ether-alcohol). 
In this there is gradual concentration of the solution in the tissue. 
Allow small specimens to remain a day, or, better, several days; 



*Celloidm is a specially prepared and purified form of pyroxylin. It is. 
about twice as expensive as pyroxylin or soluble cotton but with it better solutions 
can be prepared. The pyroxylin on the market seldom affords stronger solutions 
than 8%; with celloidin a 12% solution is easily prepared. The trimmings from 
the celloidin blocks (after the alcohol or chloroform hardening) may be dried out 
and redissolved and thus used over and over again. Pyroxylin may be used 
equally well. ^ \-~t 
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larger objects should be given a proportionately longer time, a week 
to a month, or even longer. 

If the object to be imbedded, such as many embryological speci- 
mens, is one with large interior cavities with thin walls the transfer 
from the thin solution to the thick solution may be attended by a 
collapse of the walls and a consequent shriveling and distortion of 
the specimen. Avoid this by allowing the thin solution to thicken 
very gradually by evaporation in a dry atmosphere, as under a bell- 
jar with calcium chlorid present until the solution has attained the 
right consistency. To accomplish this it is only necessary to have 
the cork of the vial containing the specimen perforated by a small 
hole. A small piece of paper iniay be inserted with the cork, or with 
porous corks no special effort need be made. Unless the thick solu- 
tion has itself thickened by evaporation, with large specimens it is 
advisable to follow the 6% bath with a stay in a thicker solution, as 
10 or 12%, for a day or so. 

§ 65. Imbedding. Pour off the 6% or 12% solution and add for 
a short time at least a 12% solution of celloidin (in ether-alcohol). 
The tissue is now ready for imbedding in 12%, which may be ac- 
complished in either of two ways : (a) on a holder or (b) in a paper 
box. Only those specimens need be imbedded in a box tha't, from 
their shape, or for purposes of careful orientation or serial sectioning, 
require a larger imbedding mass around them. 

(a) On a holder (wooden-block) . Choose a block of a conveni- 
ent size; put a drop or two of celloidin upon one end and insert a 
pin vertically to the surface near the edge. Transfer the tissue from 
the vial of thick celloidin to the block and lean it against the pin. 
The shape of many tissues will obviate the need of a pin. Pour the 
thick celloidin onto the tissue, drop by drop, moving the block in 
such a way that the thick viscid mass may be made to surround and 
envelop the tissue. Continue to add drops of celloidin at intervals 
until the tissue is well surrounded, and then as soon as a slight film 
hardens on the surface invert the holder bearing the tissue in a 
shell-vial of large diameter or glass box containing enough chloroform 
to cover the specimen. Cork or cover so that the chloroform will 
not evaporate. If the piece of tissue is of awkward size and shape, 
oiled paper may be wound around the end of the wooden holder and 
tightly tied, the projecting hollow cylinder being long enough to 
receive the object. The tissue may be put into the cylinder as before, 
the celloidin slowly poured in drop by drop until the specimen is 
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completely covered. When a film has formed, place in chloroform 
as before. 

(b) In a paper box. When a box is required for imbedding 
proceed as follows : The inside of the paper box should be slightly 
oily to prevent the celloidin from sticking to it. Rub upon the 
paper that is to be folded to form the box a little vaseline, and then 
with a cloth or lens paper remove as much as possible. Fold the 
paper into a box of convenient size and shape. Remove the object 
from the thick celloidin and place it in the box, arranging it in the 
manner wished with a view to sectioning it later. Pour over it 
slowly, drop by drop or a little at a time, a 12% solution of celloidin 
until the specimen is well covered and the box sufficiently filled. 
It is better to have a deep layer over the specimen. The 12% solu- 
tion does not afford the best mass for cutting, so that, with large 
objects, it is better to allow the mass in the box to thicken by evap- 
orating it slowly under a bell-jar (aquarium jar) until it has attained 
such a consistency that it is no longer fluid. 

§ 66. Hardening. When the celloidin mass is thick enough 
so that it only dents when touched with the finger nail it is ready for 
hardening. This may be done by pouring chloroform into the jar 
in which the imbedded material is placed, covering from the air. 
The chloroform vapor hardens the mass. When it is well set it may 
be transferred to a jar of the chloroform which takes out the ether- 
alcohol and hardens the celloidin mass, for which a few hours is 
sufficient. Allow the chloroform to act for 6 to 24 hours. The 
imbedding mass remains quite transparent when no water is present. 
The hardening action of the chloroform may be quickened and 
intensified by carefully heating the chloroform until bubbles of ether 
begin to come from the Specimen. Do not let the chloroform evapor- 
ate. 

§ 67. Alcohol hardening. When the celloidin mass is hard, 
whether clear or not, it may either be transferred to alcohol of about 
82% strength in which it is stored until cut, or it may be placed in 
Clarifier (castor oil, 1 part; xylene, 3 or 4 parts). Alcohol of higher 
percentage softens the mass; lower grades such as 67% usually in- 
crease the hardness of the celloidin and in some cases are to be 
. recommended. 

The choice between alcohol and clarifier involves no decision of importance 
in technique. The method of clarification has the advantage that" the orientation 
of the specimen in the microtome preparatory to cutting can be more perfectly 
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done. If the tissue has been stained in toto (§ § 79, 142) the sections may be 
mounted directly from the clarifier as soon as cut. Any mercuric chlorid precipi- 
tate (§ 11) that may be present can be dissolved out by means of a solution of iodin 
in the castor- xylene. The castor oil, however, renders the microtome, knife, hands 
of the operator, etc., sticky and the method is not so cleanly as the alcohol method. 
On the other hand, alcohol tends to rust microtome and knife. Clarification is 
preferred by the writer for serial work in celloidin. 

§ 68. Clarification. Celloidin blocks transferred from the 
chloroform hardener to an oil mixture such as castor-xylene (§ 67) 
will become quite transparent (clarified) and hardly discernible, sc( 
that the tissue is readily seen. Sometimes, however, the celloidin 
remains white and opaque, due to the presence of moisture, and 
considerable time is required for its clarification. In such cases the 
process may be hastened by placing the tissue in the clarifier in a 
warm place, and changing the clarifier several times. If the block 
still remains opaque, remove to 95% alcohol for a day for dehydra- 
tion, pass through chloroform, and into clarifier. In this way the 
mass may usually be cleared perfectly. Change the clarifier to fresh 
after the first day or so. The sectioning may be done after a few 
hours' immersion, although a several days' clarification is preferable. 

§ 69. Cutting the Sections. There is no marked difference 
in the sectioning of celloidin blocks preserved in alcohol and those 
that have been clarified. In the following paragraphs 67% alcohol 
should in the reading be substituted for clarifier if alcohol was used 
in the hardening. 

If a paper box was used, after the celloidin is ready for cutting, 
remove the paper, trim the block as is desired (see below) , put some 
thick celloidin upon the wooden block or other holder and press the 
base of the celloidin block firmly against it; within two minutes it 
will be firmly cemented and one may proceed at once to clamp the 
holder in the microtome and commence cutting. 

For celloidin sectioning, a long drawing cut is necessary in order 
to obtain thin, perfect sections. The knife should, therefore, be 
set at an obliquity of 15 to 20° or less, so that half or more of the 
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*The imbedded object may remain in the castor-xylene clarifier indefinitely 
without harm. The celloidin grows somewhat tougher by a prolonged stay in it. 
After cutting all the sections desired at one time, the imbedded tissue is returned 
to the clarifier for future sectioning. It should be remembered, however, that 
pure castor oil is a solvent of celloidin, hence it is necessary to have the container 
tightly stoppered, otherwise the volatile xylene will evaporate leaving the castor 
oil behind. 
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blade is used in cutting the section. Recall that in the paraffin 
method the knife is usually to be set at right angles to the direction of 
the cut, and the stroke is a rapid straight one. Trim away the sur- 
rounding celloidin mass leaving enough, however, to serve as a support 
to the tissue and prevent its bending under the impact of the knife; if 
the celloidin mass is too tapering, bending will occur and thin sections 
cannot be cut. To avoid this the celloidin block is best trimmed in 
the form of a four sided truncated pyramid with as broad a base as 
possible. . 

Clamp in the jaws of the microtome, placing it so that the mass 
of celloidin is opposite the side to which the pressure of the knife is 
applied in cutting. It is advantageous also to have the object placed 
with its long diameter parallel with the edge of the knife. 

When knife and tissue are properly arranged wet the tissue 
well with clarifier or alcohol, — as the case may be, — and flood the 
knife with the same. Make the sections with a slow, steady, motion 
of the knife. With a small object (3x5 mm.) and a good sharp 
knife, sections 5(a to 6i>- can be cut without difficulty. In addition to 
a sharp knife, however, there are necessary well-infiltrated tissue 
and a hard, firm mass. If serial sections are not desired, it may be 
more expeditious to cut dry and with a rapid stroke. 

§ 70. Transferring the sections. If the sections are quite 
thick they may be transferred from the knife to a slide or a dish by 
means of forceps or a brush; if they are thin, however, it is better 
to handle them by means of an absorbent tissue paper, as follows: 
Flood the sections well with clarifier and then by means of a pipette 
remove the clarifier from the knife and place over the sections the 
end of a piece of the tissue paper, pressing it down upon the sec- 
tions if necessary. Carefully pull the paper off the edge of the 
knife; the sections will adhere to the paper. Place the paper, sec- 
tions down, on a slide, taking care that the sections are in the de- 
sired position. With the finger carefully press the sections (through 
the transfer paper) to the slide, and then lift the paper, with a roll- 
ing motion, from the slide; the sections will adhere to the slide. 
Should they stick to the paper instead, lower the paper again and 
again firmly press the section to the slide. For further procedure 
see § § 135, 136. If it is not desired to mount the sections upon a 
slide immediately, or if they are to be kept in bulk, as for class 
work, the transfer paper may be shaken gently in a dish of clarifier 



or 95% alcohol and the section (or sections) will float free and sink 
to the bottom. 

§ 71. Serial Sectioning. If it is desired to mount the sections 
in series, proceed as follows: With a camel's hair brush or needle 
draw the first section, when cut, up toward the back of the knife and 
make the next section. Place this section to the right of the first, and 
so on, arranging them in serial order, section after section, and line 
below line, until enough are cut to fill the area that the cover-glass will 
cover. Flood the sections as before by letting the clarifier flow over 
them, being careful, however, not to float them from their places. 
Absorb the clarifier from the knife with a pipette, and place over 
the sections a piece of the transfer paper twice the width of a slide; 
press it down if necessary, and slowly draw it off the edge of the 
knife. Should it then be seen that some of the sections are adhering 
to the knife instead of the paper, it means that the clarifier had been 
allowed to thicken* on them, cementing them to the knife, and the 
preliminary flooding to insure their being free, was insufficient. In 
that case it is best to flood the paper with clarifier, carefully lift it, 
arrange the sections again, flood them with clarifler, place a clean 
piece of transfer paper over them and try again. One soon becomes 
accustomed to the behavior of the sections, and accidents are rare. 
In cutting a series of many small sections, some time is consumed 
and it is necessary to flood the sections on the knife frequently with 
clarifier while cutting in order to prevent the clarifier thickening and 
cementing them to the knife. 

§ 72. Resume of the method. Success in the employment of 
the celloidin or collodion method depends upon the thorough infil- 
tration with the solutions, requiring days or even months, and the 
employment of a thick imbedding mass giving when hardened a firm 
unyielding support to the tissue. This may be gained by employing 
a relatively long period of infiltration, and taking pains in imbed- 
ding to have the imbedding mass well thickened. 

Observing these two cautions, celloidin may be used in almost 
all cases as an imbedding mass, except such as are affected by the 
conditions of the methods already mentioned (§ § 47 and 61). 



*If one is a long time cutting a series of sections, it sometimes occurs that 
the xylene evaporates leaving the castor oil that is thick and viscid and also 
a solvent of the collodion, so that the sections are not easily transferable but stick 
rather firmly to the knife. In such a case, fresh clarifier or even a little xylene 
to dissolve the castor oil must be used. 
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THE FREEZING METHOD. 

§ 73. This method is expeditious and of use in the rapid ex- 
amination of tissues, and therefore especially serviceable in the 
pathological laboratory and in clinical diagnoses. It may also be 
used in cutting tissues that are too hard to be cut satisfactorily by 
means of either the collodion or paraffin methods, and in the exami- 
nation of tissues for substances (e. g., fats) which the solutions 
necessary for the paraffin and celloidin methods dissolve out. Both 
fresh and fixed tissue may be cut- by means of the freezing micro- 
tome and with or without any special mass such as is used in paraffin 
or celloidin imbedding. Some histologists quite prefer the freezing 
method to the paraffin or celloidin methods for general use. 

When no mass is employed the tissue is simply frozen and cut, 
or, if it is fixed tissue, soaked well in water first and then frozen. 
When extreme haste is not so essential it is better to first saturate 
the tissue with some solution that does not crystallize on freezing, 
but simply hardejis, since the formation of the ice crystals is hurtful 
to the tissue. Such are solutions of guTn arahic or sugar and anise- 
seed oil, and they are spoken of as Congelation masses. 

§ 74. Infiltration. Gum arable or anise-seed oil may be used, 
(a) Gum arahic. If the tissue has been fixed and is in alcohol re- 
move the alcohol by soaking it for several hours to 1 day in water. 
Remove to a thick solution of gum arabic in water, in which it may 
remain for about 24 hours. It is then' ready to freeze and cut. 

(b) Anise-seed oil. For this method the tissue should be first 
dehydrated (§ 51).* When dehydration is complete, transfer the 
tissue to anise-seed oil, in which it may soak for 12 to 24 hours; it is 
then ready to freeze and cut. It is particularly adapted for use with 
tissue that has been stained in toto. 

§ 75. Cutting. Place a drop of the solution of gum arabic 
(or anise-seed oil) upon the object carrier of the freezing microtome 
and turn on the carbonic acid (or ether) spray. When the mixture 
begins to harden, place the object upon it in an abundance of the 
solution and freeze it nearly solid. Covering with an inverted cup 
hastens the freezing. An especially wedge-shaped knife is necessary 
because of the hardness of the mass. 



*Anise-seed oil will, however, clear from 90% or even 82% alcohol; this 
is sometimes of advantage. 
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When the tissue is completely frozen, cut it with a straight move- 
ment of the knife, as in the paraffin method, holding it firmly upon the 
knife rest and making the strokes as rapidly as possible, at the same 
time rapidly raising the tissue a few microns at a time by means of 
the microtome screw. There are a number of automatic microtomes 
specially designed for use with the freezing method. 

The mass of sections is transferred to a dish of water in which 
the gum arable is dissolved away and the sections are ready for stain- 
ing (§ § 137, 146). If anise-seed oil is used, the sections are to be 
transferred to 95% alcohol which will dissolve out the oil; if the 
tissue has been stained in toto the sections may be transferred to 
anise-seed oil (or other clearer) and mounted in balsam directly. 

§ 76. Rapid Method. Blocks of tissue 1 centimeter thick should 
fix in 10% formalin 12 to 24 hours. If haste is a factor, take thinner 
pieces and fix for 1 minute or more. Trim the block so that it is about 
5 mm. thick; rinse in water for a few seconds, transfer to the freezing 
microtome, freeze and section. 

Float the sections when cut from the knife into water from which . 
they may be gotten upon the slides by means of a camel's hair 
brush. Drain off the water and press the sections out smooth by 
means of blotting paper, filter paper or other absorbent paper. Cau- 
tiously drop over the sections 95% and absolute alcohol and follow 
this immediately with thin (^ or K%) celloidin solution (§ 64) 
which when it has partially evaporated out will serve to support the 
section and fasten it to the slide. It is now ready for staining. 
(§ 144). 

STAINING. 

§ 77. Staining has for its first and primary purpose, the ren- 
dering outlines and structures more distinct by giving them a color 
contrast with their surroundings (color image). A second and 
more important use is for the differentiation of particular struc- 
tures or substances which by their selective staining facilitate the 
histological analysis. Rational staining, like rational fixation, de- 
pends upon the physics and chemistry of staining reactions; indeed, 
in the demonstration of particular substances the fixation and stain- 
ing should be determined by the mutual interdependence of their re- 
actions, since they have the same purpose, — the preservation and 
demonstration of the substance sought for. 
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In some cases the differential staining may be accomplished in 
the fixing (fats, impregnations) . Differential staining, histo-chemical 
methods, micro-chemical methods (as applied to the animal organism) 
thus belong in the same category and rest upon a physico-chemical 
basis. As in the case of fixation, a great deal remains to be done 
in the perfection of this side of histological technique. 

§ 78. Classification of Stains. Stains may be grouped: (a) 
according to their chemical composition as (1) organic ;^hematoxylin 
stains, carmine stains, anilin stains, (coal-tar dyes; benzene deriva- 
tives), and (2) inorganic, (b) From another chemical aspect as (1) 
basic or (2) acid, depending upon the chemical reaction of the staining 
principle or group, (3) neutral (§ 85). (c) Histologically, stains are: 
(1) nuclear (chromatin stains), (2) plasma or general stains, (3) special 
stains, (4) impregnations. The first are usually basic, the second 
acid, the fourth inorganic. 

§ 79. In toto staining. When in toto or bulk staining is em- 
ployed, the piece of tissue is stained entire and imbedded and sec- 
tioned afterwards. In this case the tissue should be stained before 
the process of embedding has begun, after the washing out of the 
fixer has been completed (§ § 7, 9) . But a single stain may be given 
and the one chosen is generally a nuclear one, — hematoxylin, cochi- 
neal, or carmine (§ § 91, 98 — ). A counter stain may be given sub- 
sequently after sectioning, orange G after hematoxylin or cochineal, 
Lyon's blue after carmine being most satisfactory. In toto staining 
is particularly useful in serial sections of embryological material and 
in morphological work in general, as it saves time and manipulation. 

§ 80. Section Staining. The application of the staining proc- 
esses after the tissue is imbedded and sectioned. This is more 
serviceable, especially if highly differential results are desired. 

§ 81. Progressive and Regressive Staining. According to the 
mode of appUcation, staining is either progressive or regressive. 
Progressive staining consists in permitting the staining to proceed 
to the right degree of intensity and then stopping it. In regressive 
staining the tissue is over-stained and the excess of stain removed 
by the application of a Differentiator. Uusally in the regressive 
method there is employed a Mordant which is a chemical solution 
serving to make the stain "take." It possesses a double affinity ,- 
to the tissue and to the stain, which is usually made to operate in the 
interest of differential or selective staining. The mordant is not 
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always in the form of a separate solution (e. g., aluminium hema- 
toxylin) and in many cases the mordantage is given in the fixing. 
Mordantage, directly or indirectly employed, is also useful in staining 
by the progressive method. Stains or dyes that do not require a 
mordant are termed Substantive, those requiring a mordant to make 
them "take" are Adjective stains. 

Delicate results in exact differential staining by either the progres- 
sive or regressive methods can best be secured only by section stain- 
ing, although differentiation of the sections after in toto staining may 
be resorted to. 

§ 82. Differentiation. In the regressive method it is neces- 
sary to remove the excess of stain by the application of a solution 
that will usually differentiate it, or bring out the selective action of 
the stain. A small amount of differentiation is usually necessary 
in any case for the most delicate results. Alcohol, 95% or other 
grade, may often be used as a differentiator. 95% acidified with 
hydrochloric acid (1 /lO to 1%) is sometimes used, or a special dif- 
ferentiator is required (acetone, alum solution, clove-oil, etc.). 
It is usually necessary to control the differentiation by use of the 
microscope. 

§ 83. Impregnations. In addition to the typical methods of 
coloring tissue by means of stains there is a group of methods in 
which the coloring matter is deposited in the cell or tissue that it is 
desired to differentiate, in the form of a precipitate. These are 
known as impregnation methods and are of great value, especially 
as applied to nervous tissues. A hard and fast line, however, can- 
not be drawn between true staining methods and impregnations. 
Silver nitrate and gold chlorid are the substances most generally 
employed in the impregnation of tissue (§ § 221, 223). 

§ 84. Choice of stains. Remember that the staining is greatly 
affected by the previous treatment, brilhancy or selectivity in the 
result being in many cases dependent on the fixer employed or im- 
paired by the improper or incomplete washing out of the fixer. 

In staining, therefore, consider three things, (a) what it is de- 
sired to bring out, — what kinds of stains you need to employ, (b) 
the mode of fixation that has been employed, and (c) the imbedding 
method must also be considered in the choice, since if celloidin is 
employed certain stains that color it deeply should be avoided. 
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(a) For general purposes it is customary to use a nuclear and 
a cytoplasmic stain either in combination or successively. The 
double staining most employed is hematoxylin and eosin. Triple 
stains are generally not so satisfactory; hematoxylin and picro- 
fuchsin is one commonly used. Neutral stains (§ 85) are essentially 
triple stains. Quadruple stains are rarely serviceable; see, however, 
§ 129. For stains to be employed for special purposes, see Special 
Methods, § 174-. 

(b) In the case of most of the fixers given § 11-, there are no 
restrictions as to the stains that may be employed though some 
are more satisfactory than others. With Flemming's fluid and 
Hermann's fluid, however, it is well to employ only such stains 
as iroii hematoxylin (§ 94) and anilin stains, — safranin being suggested 
as a red stain, gentian violet as a blue stain. Bichromate fixers whose 
action has been prolonged usually require strong stains. Iron hema- 
toxylin and similar stains may be used after any fixer. The Ehrlich- 
Biondi-Haidenhain stain (§ 111) is most satisfactory after Mercuric 
chlorid (§ 11). 

(c) Celloidin is deeply stained by such stains as iron hema- 
toxylin, safranin, methylene blue, gentian violet, and basic stains in 
general. If it is necessary to use these, with celloidin material, the 
celloidin should be removed from the sections before mounting 
(§ 136). 

§ 85. Neutral Stains. In the case of most of the anilin. stains, if an aqueous 
solution of a basic stain is added to an aqueous solution of an acid stain, there is 
formed by combination a neutral stain which is usually but slightly soluble in 
water and hence precipitates out. Neutral stains are however moderately soluble 
in strong methyl or ethyl alcohol. These facts it is well to keep in mind in using 
anilin stains. The reaction may be made use of for increasing the selectivity, 
sharpness and color tones of the original stains. Neutral stains may be used in 
one of three ways: (a) The neutral stain is often soluble in excess of the acid 
or basic stain or in an aqueous solution of another acid or basic stain (§111). (b) 
Dissolved in methyl (or ethyl) alcohol and diluted nearly to the precipitation point 
the activity and selectivity of the component stains seem to become specially 
marked (§ 128, 214). (c) The formation of the neutral stain may be carried out 
in the staining process itself, — -"on the slide," — by staining first strongly with an 
aqueous solution of the acid stain, rinsing away the excess stain and staining with 
the aqueous solution of the basic stain (§ 106) and differentiating (§ 82) with 
alcohol, or alcohol and clove oil. 

Of the large number of stains that combine to form neutral stains may be 
mentioned, — the acid stain being given first; — eosin and methylene blue (§ 128); 
orange G. and gentian violet (§ 131), erythrosin and toluidin blue, thiazin red and 
toluidin blue, coerulein S. and safranin, acid violet and safranin. These may be 
combined and used in any one of the three ways mentioned above. 
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§ 86. The time of staining. Although in general certain time 
limits can be given to the period durLag which a stain should be 
allowed to act, with most stains, especially those with which no dif- 
ferentiation is needed, such as hematoxylin, and most carmines, the 
correct intensity of color should be determined by examining the 
preparation with the microscope. One soon becomes able to judge 
of the right stain in this way better than if a given time were adhered 
to. 

In the use of stains requiring a subsequent differentiation, the 
rule is to over-stain and watch the differentiation carefully with the 
microscope, stopping it when sufficient. In this case it is the differ- 
entiation and not the staining that should be carefully regulated. 
In general, for the best results, it is advisable to use staining and 
differentiating solutions in dilute form and prolong the time during 
which they act. 

The following formulas include the more generally useful stains 
and those to be employed in the "Special Methods" given subse- 
quently. 



§ 87. Hematoxylin Stains. Hematoxylin is a colorless compound of acid 
properties forming therefore salts with bases which oxidize readily forming 
"hemateates." The oxidation product of hematoxylin is hematein which is 
the real staining principle and may in some cases be used with real advantage 
instead of hematoxylin. Hematoxylin (hematein) itself has little value as an 
acid (plasma) stain; combined with metallic bases it becomes a valuable basic 
(chromatin) stain. The metals usually employed as mordants for hematoxylin 
are: aluminium, iron, copper, chromium, molybdenum, vanadium. Their 
salts may be used either in the same solution as the hematoxylin (aluminium, 
molybdenum, vanadium) or separately (iron, copper.) Solutions of the same 
metals may in some instances (aluminium, iron, chromium,) be employed also as 
differentiator. For preparing hematoxylin stains it is a great convenience to 
have a 10% stock solution in 95% alcohol. 

§ 88. Chloral Hematoxylin. [11] Formula: Potassium alum, 8 grams; 
distilled water, 250 c. c; hematoxylin 2/lOth gram or 2 c. c. hematoxylin stock 
solution. Boil 5 or 10 minutes in an agate dish. After cooling add 6 grams of 
chloral hydrate. Place in a bottle and permit the hematoxylin to oxidize for a 
week or two, or 1 to 2 c. c. hydrogen peroxid may be added. Its staining quality 
improves up to an optimum and then begins to deteriorate. Old hematoxylin 
generally contains a precipitate and should be filtered often or before using. 

Stain sections 5 to 30 minutes according to the age of the solution, the charac- 
ter of the tissue and the fixation employed. After staining wash well with dis- 
tilled or tap water. Usually no differentiation is required unless.a purer chroma- 
tin stain is desired (§ 175). Counter stain as desired. 
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§ 89. Mayer's Haemalum. Formula: haematein, 1 gram; 90% (95%) 
alcohol, 50 c. c; potash alum, 50 grams; distilled water, 1,000 c. c. Dissolve 
the haematein in the alcohol, the alum in the water; mix. 

This is an excellent formula, giving a good stain immediately after it is made 
up and retaining its selective staining quality for a year or longer. It is one of the 
best hematoxylins for ordinary work. 

For this formula, Mayer has now substituted the following: hematoxylin, 
1 gram (10 cc. stock solution); - distilled water, 1,000 c. c; sodium iodate, 0.2 
grams; potassium alum, 50 grams. The hematoxylin is first dissolved in the 
water and then the other ingredients are added. Dissolve and filter. 50 grams 
of chloral hydrate and 1 gram of citric 05 acetic acid may be added as a preserva- 
tive. Stain as given in § 88. In using it is frequently advisable to dilute one or 
more times with distilled water. 

§ 90. Ehrlich's acid hematoxylin. Formula: Water, 100 c. c; 95% 
alcohol, 100 c. c. hematoxylin crystals, 2 grams (20 c. c. stock solution) ; dissolve in 
the alcohol; glycerin, 100 c. c; glacial acetic acid, 10 c. c; alum in excess. Let 
the mixture ripen in the light until a dark red. Sections stain in this hematoxylin 
in a short time, generally 5 to 10 minutes. Wash with water after staining. 

§ 91. Delafield's hematoxylin. Formula: Saturated aqueous solution 
of ammonia alum, 200 c. c; hematoxylin stock solution 20 c. c. Allow the 
mixture to stand in the light and air in an unstoppered bottle for 4 or 5 days; 
filter and add glycerin, 50 c. c, and methyl alcohol, 50 c. c. Permit it to stand 
for a week or so to ripen; filter and keep in a stoppered bottle. The staining 
power increases for several months. In using, dilute 3 or 4 times or more with 
distilled water. It is useful for in toto staining diluted 1 :9 with 20% alcohol or 
distilled water. 

Stain sections from water; 4 to 5 minutes will generally be sufficient. Wash 
well with water after staining. In toto staining 1 to 14 days may be necessary 
depending upon the size of the object. 

This is a very strong hematoxylin stain and may be used to advantage with 
tissues that stain with difficulty. It is likewise a more diffuse stain than either 
chloral or Ehrlich's hematoxylin, staining cell-body as well as nucleus, — a feature 
having its advantages. Old solutions (several months to a year) should be 
filtered before using. 

§ 92. Acid Hematoxylin (Delafield's). The dilution of Delafield's hema- 
toxylin ten to twenty times with water, and making slightly acid with acetic 
gives a useful stain particularly for differentiating nuclei (embryological work.) 

§ 93. Muchematein (Mayer). A qeuous formula: Rub up 0.2 grm. hema- 
tein with a few drops of glycerin ; add 0.1 grm. aluminium chlorid, 40 c. c. glycerin, 
60 c. c. distilled water. Filter if necessary. Alcoholic formula: Hematein, 0.2 
grms.; aluminium chlorid, 0.1 grm.; 70% (67%) alcohol, 100 c. c; 1 or 2 drops 
nitric acid. Formulae with a minimum amount of aluminium designed as specific 
stain for mucus. The aqueous solution is more selective; the alcoholic formula 
designed for the staining of mucus that swells excessively in water (§ 234). 

§ 94. Iron Hematoxylin (Heidenhain). Formula: (a) Mordant; 2% 
aqueous solution of ferric alum (iron-ammonium-persulphate), (b) Stain; 
)4% aqueous solution of hematoxylin (10% alcoholic stock solution, 5 c. c; 
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distilled water, 95 c. c). (c) Differentiator; the ferric alum mordant, preferably- 
diluted several times. An excellent stain, especially for cytological work. It 
may be used after any fixer. 

The steps necessary are: (1) Mordanting 1 to 24 hours; (2) rinse the sec- 
tions in water 10 to 30 minutes; (3) stain for 3 to 24 hours; differentiate slowly 
and control it under the microscope. The slides may be alternately dipped into 
the ferric alum solution for a few seconds and then into tap water. (4) Wash 
in running water 15 to 60 minutes. The ferric alum mordant may be used several 
times as well as the hematoxylin solution whose staining quality improves up to 
a limit by use. 

§ 95. Copper Hematoxylin (Weigert). Formula: Mordant; 3.5% aqueous 
solution of copper acetate; Stain; 10% alcoholic solution of hematoxylin 10 c. c; 
distilled water, 90 c. c; saturated solution lithium carbonate, 1 c. c. Differentia- 
tor; potassium ferricyanide, 2.5 grm.j., borax, 2 grmi. ; distilled water, 200 c. c. 
Designed for staining the myelinic sheath of medullated nerve fibers (§ 199) but 
useful for other purposes. 

The steps are: (1) mordanting for 1 to 24 hours, (2) rinsing the sections 
in water 10 to 30 minutes, (3) staining for 3 to 24 hours, (4) differentiate slowly 
controlling the action under the microscope. (5) Wash in running water 30 
minutes or longer. The mordantage may be given in bulk if desired. As usually 
employed with tissue fixed in chrome fixers, the stain is strictly a chrome-copper 
hematoxylin. Other differentiators may be used if desired. Mount in neutral 
balsam. 

§ 96. For Mallory's phospho-molybdic hematoxylin, Heidenhain's vanadium 
hematoxylin, and other hematoxylin formulae of occasional usefulness, consult 
the works on technique (p. 90). 

§ 97. Carmine Stains. Like hematoxylin, the carmine stains depend 
upon an acid staining principle, — carminic acid, — which in combination with 
bases gives a red nuclear stain of value. The metals usually employed in carmine 
formulae are aluminium, calcium, strontium, iron. Carmine itself is (Liebermann) 
a combination of carmiiiic acid with aluminium, calcium, and protein. It is 
soluble m acids and alkalis. The necessary mordant is not so often employed 
in a separate solution as is the case with hematoxylin. See, however, iron carmine 
[6, 30]. 

§ 98. Carmajum (Mayer's) Formula: Carminic acid, 1 grm.; potas- 
sium alum, 10 grms.; distilled water, 200 c. c. Dissolve with heat (if neces- 
sary). Filter. Add 1 c. c. formalin as a preservative. It may be used for 
in toto or for section staining. 

Stain sections 5 to 30 minutes or as long as necessary. Rinse tissue before 
staining with distilled (not tap-) water. 

§99. Borax carmine. (Grenacher). Formula: Borax 4 grams; carmine, 3 
grams; water, 100 c. c. ; allow the mixture to stand for several days, shaking 
occasionally when most of the carmine will have dissolved; filter and add 100 
c. c. of 70% alcohol. Let the mixture remain for several days, filter again and 
the solution is ready for use. 

This is a good carmine stain for in toto staining. Stain objects in toto for one 
to several days, according to size; remove to 67% (70%) alcohol, acidulated 
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slightly with hydrochloric acid, (4 drops in each 100 c. c), for a day and then 
remove to 80% alcohol. It afEor^ a bright red stain that ig quite transparent. 

§ 100. Paracarmine (Mayer). Formula: Carminic acid, 1 gram; alumi- 
nium chlorid, 0.5 gram; calcium chlorid, 4 grams; 70% (67%) alcohol, 100 c. c. 
Allow it to stand a day or so, shaking occasionally until the carminic acid has 
quite dissolved, and then filter. 

This is an excellent carmine stain for in toto staining. The tissue may be 
stained one to several days (1 week), then washed in 67% and 82% alcohols to 
remove the excess of staining fluid. A red nuclear stain, more opaque than borax 
carmine. It does not over-stain readily, and since it is an alcoholic solution (70%) 
it is quite penetrating and may be alloWed to act for a greater length of time, 
being thus suited for staining in toto objects of considerable size. 

§ 101. Hcl. carmine. Formula: Carmine, 2 grams; concentrated hydro- 
chloric acid, 3 c. c. ; 70% alcohol, 100 c. c. Boil gently for 15 to 20 minutes to 
dissolve the carmine; cool and filter. 

This is a strong carmine stain, quite suitable for sections, especially such as 
stain with difficulty. It may also be employed for staining in toto. Stain sec- 
tions from alcohol or water for 5 to 15 minutes; rinse away the superfluous stain 
with 67% (70%) alcohol and differentiate for a few seconds to a minute with acid 
alcohol (95% alcohol 100 c. c, concentrated. hydrochloric acid 1/10 c. c). Wash 
away the acid alcohol with ordinary 95% alcohol. If a pure nuclear stain is not 
desired the differentiation may be omitted. 

Picric acid (§ 116) may be used as a cotmter stain, and in that case differentia- 
tion is ordinarily not required. 

§ 102. Alum Cochineal. Formula: Powdered cochineal, 75 grams; potas- 
sium alum, 75 grams; distilled water, 1000 c. c. Boil the ingredients for half an 
hour, or (better) macerate for a day or so, boiling up two or three times. Cool 
and filter. Add to the filtrate distilled water to make up 1000 c. c. and a crystal 
of thymol as a preservative. 

This is an excellent stain, particularly for in toto staining of embryos, giving a 
purpler stain than the carmine stains given above. 

Stain objects, such as embryos, over night to 2 days or longer, depending on 
size. Wash out with water, 2 to 6 hours and place successively in 50%, 67% and 
82% alcohols several hours to a day in each. 

§ 103. Mucicannine. Formula: Carmine, 1. gram; alumi'nium chlorid 
(pure), 0.5 grams; distilled water, 2 c. c. Mix thoroughly together and heat over 
a small flame for 2 minutes (in a test tube) until the mixture .has beo6me dark red. 
Dissolve the whole in 100 c. c. 50% alcohol added gradually; after 24 hotirs 
filter. For use, it may be diluted 5 or 10 times with water. 

Stain sections 10 minutes or longer in the diluted stain, rinse in water, dehy- 
drate, clear, and mount in neutral balsam. 

If desired, the stain may be diluted with 50 or 67% alcohol instead of water. 

§ 104. Gentian Violet. Formula: A concentrated solution in distilled 
water. Stain (paraffin) sections from water for 5 to 10 minutes, rinse in water; 
dehydrate and differentiate with 95% alcohol and complete the differentiation 
with clove oil. When the differentiation is sufficient, clear with bergamot oil 
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and mount in balsam. This may be used alone to give a blue stain with tissue 
fixed in Hermann's or Flemming's fluid. (See also § 112, 131). 

§ 105. Methylene Blue. This valuable stain, used particularly in the 
histology and pathology of the blood and nervous system, and in bacteriology, 
is represented in a large number of formulae. For the staining of nuclei, basic 
granules in the cytoplasm, neurochromatin granules, etc., simple aqueous solu- 
tions may be employed. A 1% solution suffices for most purposes; in some 
cases, a concentrated solution is to be preferred. 

Stain from water for 5 minutes to as many hours, with or without heat, rinse 
with distilled water, differentiate if desired in a l/10th% Hcl. in 95% alcohol, 
or l/10th% alum solution. Wash, dehydrate, mount in neutral balsam. 

§ 106. Alkaline Methylene Blue. Formula: Methylene blue, 2 grms. ; 
absolute or 95% alcohol neutralized with pure dry sodium carbonate, 50 c. c; 
add distilled water, 450 c. c; 1% potassium hydroxid, 5 c. c. An excellent stain, 
giving best results after mercuric chlorid fixers (incl. Zenker's, etc.). 

§ 107. Eosin — Methylene Blue. Stain sections }4 hour with a >^% to 1% 
aqueous solution of eosin, rinse in water, stain in alkaline methylene blue 10 
minutes, rinse w6ll in water. Differentiate and dehydrate rapidly with neutral 
95% alcohol and absolute . alcohol, clear in xylene, mount in neutral balsam. 
Particularly useful for staining blood in the tissues (hemolymph) glands, etc.. 

§ 108. Toluidin Blue. This may be used, often to advantage, in place of 
and for the same purposes as methylene blue. It gives a somewhat darker stain. 

§ 109. Methyl green. This is a nuclear stain of much value, besides being 
an important ingredient of triple stains (e. g., Ehrlich's triacid mixture and § 111). 
In very dilute solutions it is serviceable in staining the nuclei of fresh tissue and 
of isolated cells. A 1 % aqueous solution may be used with hematoxylin and picro- 
fuchsin in differentiating the structure of the hair follicle. (Gage). 

§ 110. Safranin. Formula (Babe's): Concentrated aqueous solution of 
safranin, 1 part; concentrated alcoholic solution of safranin, 1 part. 

Stain sections 1 to 4 hours, or over night; wash away excess of stain with 
95% alcohol, differentiate with acid alcohol (95% alcohol, 100 c. c, hydrochloric 
acid, 1/10 c. c.) for a few seconds, rinse with 95% alcohol and clear in carbol- 
xylene or bergamot oil. If a pure nuclear stain is not required, the differentiation 
may be omitted. This gives a good stain with tissue fixed in Hermann's or 
Flemming's fluid. It is a brilliant, transparent red. 

Other formulas may be employed (concentrated alcoholic solution, alcoholic 
solution diluted with anilin water, equal parts concentrated solutions in alcohol 
and anilin water, etc.). Differentiation may be accomplished with the use of 
iodin-potassium iodid solution, or by counterstaining with an alcoholic solution 
of light green or acid violet (§ § 121, 122). 

§ 111. Ehrich-Biondi-Heidenhain Mixture. Formula: Saturated aqueous 
solutions of Orange G. Rubin S. (Fuchsin acid) and Methyl green, 100 c. c, 20 c. c. 
and 50 c. c. respectively. In preparing the mixture, only fully saturated solutions 
should be taken which should be mixed in the order given slowly with constant 
agitation. Only tissue that has been fixed in sublimate solutions (§ 11) should 
be used, the sections should be thin and slightly acid. This may be secured by 
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treating with 1/lOth per cent, acetic acid before staining. The stain is useful for 
some cytological work (nuclear degenerations, cytoplasmic transformations, etc.). 
In staining use the stock solution diluted with distilled water 1 :60 and rendered 
slightly acid by the addition of 0.2% acetic acid, drop by drop, until the red colcr 
tone, due to the fuchsin acid, becomes slightly accentuated. The success of the 
stain depends upon having the staining reaction right; if too acid, the fuchsin 
acid predominates, otherwise the green and orange prevail. Stain 6 hours or 
more; when sufficient, dehydrate rapidly with absolute alcohol, clear with xylene, 
mount in xylene balsam. 

§ 112. Flemming's Triple Stain. Stain sections in an alcoholic solution of 
safranin diluted with an equal volume of anilin water, for a day or longer. Differ- 
entiate in absolute (or 95%) alcohol with 1/lOth % Hcl until hardly anymore 
color comes away. Stain for 1 to 3 hours in a 1% aqueous solution of gentian 
violet. Rinse in distilled water and treat with a strong (2%) solution of Orange G. 
in distilled water, and while clouds of violet are still being given off, bring the 
sections into absolute alcohol in which the differentiation is begun. Transfer the 
sections to clove oil or bergamot oil which completes the differentiation and clears. 
Mount in balsam before the last pale clouds of color have ceased to come away. 

This stain is only recommended after such fixers as Flemming's fluid or Her- 
mann's fluid. The stain is somewhat fickle, giving the best results only after some 
practice. It is useful in some cytological work. 

Several modifications have been proposed. A short method is frequently 
employed as follows: (1) stain for a second or two in a mixture of equal parts of 
saturated aqueous and saturated alcoholic solutions of safranin; (2) rinse in 
water; (3) stain 2 to 10 minutes in 1% gentian violet; (4) rinse in water; and (5) 
stain for 10 seconds or Jonger in a 2% solution of orange G. Dehydrate rapidly 
with absolute alcohol; clear and differentiate with clove oil, controlling the 
differentiation under the microscope. Remove the clove oil with xylene or toluene 
and mount in balsam. - / 

§ 113. Congo Red. A well known indicator, red in neutral or alkaline 
solutions, turning blue in the presence of free mineral and many organic acids, 
not affected by acetic, lactic or carbonic acid in the presence of aminonia. It is 
useful as a plasma stain after hematoxylin, gentian violet, etc. 

It may be employed in aqueous (}i %) or alcoholic (3%) solution. With 
subsequent differentiation in acid alcohol (§ 110) it is a useful stain with gastric 
glands. Occasionally useful as an indicator with living organisms or tissue. 

§ 114. Eosin. Formulas: (a) J4% aqueous solution; (b) 2% aqueous 
solution; (c) 1/10% solution in water or 95% alcohol. Formula (a) is preferable 
for most work; (b) affords a stroiiger and (c) a weaker stain. This may be used 
as a counter-stain with hematoxylin to differentiate nucleus from cell-body. 
Stain sections after hematoxylin for 10 to 30 seconds, wash away the excess of 
stain with distilled water or 67% alcohol. Since alcohol tends to wash out the 
eosin, unless the color is too strong it is advisable to hasten the process of washing 
out and dehydration. 

§ 115. Erythrosin. Formulas: (a) X to 1% solution in 67% alcohol, 
(b) }4 to 1% aqueous solution. This is a general stain similar to eosin in its 
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staining properties, but gives a redder color. Formulas (a) and (b) may be used 
with sections and in the same way as eosin. 

§ 116. Picric Acid. A counter-stain useful after carmine or hematoxylin. 
UseaXtol% solution in 67 % or 95 % alcohol , or simply add it to the alcohol used 
in dehydration. It washes out the hematoxylin and is useful as a differentiator 
of this stain, with which it is well to overstain somewhat if it is desired to counter- 
stain with picric acid. 

§ 117. Orange G. An excellent acid stain that may be employed as counter- 
stain and differentiator after hematoxylin, gentian violet, etc. 

Employ (a) 2 to 4% aqueous solution which may with advantage be slightly 
acid (Hcl.) ; in the last event, sections should be rinsed well before the moimting. 
It may with good effect be combined with eosin, erythrosin or fuchsin acid, (b) 
Frequently a concentrated solution in 95% alcohol is to be preferred to the 
aqueous solution. 

§ 118. Fuchsin Acid (Rubin S., Magenta S.). Like Congo red, an indi- 
cator, red in acid or neutral solutions, bleached by alkali. It is a valuable 
plasma stain, but requires care in its use because of its sensitiveness to alkali. 
Tap water should therefore be avoided. The staining solution and the mounting 
medium should preferably be slightly acid, — at least not alkaline. 

Employ a 2 to 4% solution; stain 1 minute to 24 hours. 

§ 119. Picro-fuchsin. Formulas: (a) General stain, — 1% aqueous solution 
of fuchsin acid, 10 c. c. ; saturated aqueous solution of picric acid, 75 c. c. ; dis- 
tilled water, 25 c. c. (b) For nervous tissue, — 1% aqueous solution of fuchsin 
acid, 15 c. c. ; saturated aqueous solution of picric acid, 50 c. c. ; distilled water, 
50 c. c. This is a valuable counter-stain to hematoxylin, especially serviceable 
in the differentiation of white connective tissue fibers. The nuclei are a purplish 
brown (hematoxylin stain), the connective tissue red, cell bodies and muscle 
yellow-orange. In special cases the relative amount of fuchsin acid may be 
decreased or increased, thus giving a preponderance to the yellow or red in the 
general stain. 

Stain well with hematoxylin, rinse in water, and stain with the picrofuchsin 
15 to 30 seconds; wash away the excess of stain with distilled water or 67% 
alcohol. Picro-fuchsin will gradually wash out the hematoxylin, therefore stain 
strongly with hematoxylin and regulate carefully the time of staining with picro- 
fuchsin. Picro-fuchsin is quite sensitive to alkalies, so that tap-water (unless 
slightly acidulated) should not be used for washing out and the mounting medium 
should be slightly acid or neutral, not alkaline. 

§ 120. Mallory's Anilin Blue Connective Tissue Stain. Fix tissue in Zenker's 
fluid (preferred) or in a mercuric chlorid fixer; imbed preferably in paraffin. 

Sections are to be stained (a) for 5 minutes or longer in a 1/5% aqueous solu- 
tion of acid fuchsin, and (b) without washing, stained about four times as long in 
the following: Griibler's water soluble anilin blue, 0.5 gram; orange G., 2.0 
grams; 1 % aqueous solution of phosphomolybdic acid. 100 c. c. Wash, differ- 
entiate and dehydrate with 95% and absolute alcohol. Clear in xylene and 
mount in balsam. 
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A stain of quite general usefulness. The coUaginous connective tissue fibers, 
reticular tissue, cartilage, osseous tissue, mucus, etc., are stained blue; nuclei, 
cytoplasm, muscle, red; red blood corpuscles, orange. 

§ 121. Light Green. An acid stain sometimes useful as a counterstain with 
safranin. A 0.2% alcoholic solution may be used in the differentiation of the 
latter stain. 

§ 122. Acid Violet may be used in similar cases and in the same manner. 

§ 123. Bleu de Lyon (Lyons' Blue). A plasma stain frequently useful as a 
counter stain after safranin or carmine (in toto). Employ an alcoholic (95%) 
solution of about half saturation and stain sections for 10 to 15 minutes or longer. 
Rinse with 95% alcohol and dehydrate more or less rapidly depending on the 
dififerentiation desired. 

§ 124. Iodine. In addition to a certain value as a fixer and to facilitate the 
removal of mercuric chlorid from tissue, usefulness as a differentiator after basic 
aniline dyes," iodine has a place among the stains for the differential coloring of 
starch, glycogen, amyloid, cellulose, etc. The following solutions may be rhen- 
tioned: (a) saturated aqueous solution;' (b) Iodine-potassium iodid solutions 
(Gram's, Lugols), — iodine 1 gram, potassium iodid 2 grams, distilled water 300 c. c 
Lugol's solution is six times as strong, (c) 10% alcoholic solution, (tincture); 
(d) for a formula useful for staining glycogen, amyloid, etc., see § 229. 

' § 125. Resorcinfuchsin (Weigert). Prepare a concentrated solution of 
the dry powder in a 1% solution of hydrochloric acid in 95% alcohol. Designed 
for staining differentially elastic connective tissue fibers. 

Stain sections 15 to 30 minutes, wash and dehydrate in 95% and absolute 
alcohol, clear in xylene, mount in balsam. 

The stain may be directly prepared according to a modified formula of Weigert, 
Formula: Fuchsin (basic), 2 grams; resorcin, 4 grams; water, 200 c. c. Boil 
several minutes (10 or more); add 25 c. c. 30% solution ferric chlorid and boil 
5 or 10 minutes longer. If the stain is not all precipitated, more of the ferric 
chlorid solution may be added. Permit the liquid to cool. Let the precipitate 
settle and decant fluid, or filter. Dissolve precipitate in 200 c. c. 95% alcohol, 
employing heat if desired (boiling on a water bath). Filter. When the filtrate 
is cool, add 4 c. c. strong hydrochloric acid. 

The stain may be followed by picro-fuchsin or other similar reagent for stain- 
ing the white connective tissue fibers. 

§"126. Orcein (Taenzer-Unna). Another standard method of staining 
the elastic connective tissue fibers (elastin). Formula: Orcein D., 1 gram; 
95% alcohol, 100 c. c; strong hydrochloric acid, 1 c. c. 

Stain sections }4 to 1 hour, wash and differentiate in 95% alcohol and acid 
alcohol (§ 82). Elastin stained dark brown. Other differential stains may be 
used on the same preparation. 

§ 127. Verhoeff's Elastin stain. [44] Formula: Hematoxylin, 0.15 grams; 
Absolute alcohol, 25 c. c; dissolve by heat and add 1 drop of 5% ammonia solu- 
tion. Permit it to stand for at least 5 minutes and add Lugol's solution (§ 124), 
22 c. c. ; filter and permit it to stand for 24 hours in a corked bottle. The solution 
remains good for about 3 months. For use, add a 7% ale. sol. ferric chlorid, 1 
drop per c. c. 
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Stain sections from alcohol, 12 to 24 hours; wash in water 1 to 5 minutes; 
differentiate in a 1% ferric chlorid solution (ale. stock solution, 1 part, water 6 
parts). Counter stain with picric acid (§ 116). A sharp stain, though possibly 
not in all cases completely differential. 

128. Jenner's Stain [27]. This is an eosinate of methylene blue. Formula: 
Mix equal parts of 1.2.5% eosin (water soluble) and 1% methylene blue. Permit 
the mixture to stand for 24 hours, then filter, wash the precipitate on the filter 
with distilled water, dry it and dissolve it in methyl alcohol (0.5 grai- precipitate 
in 100 c. u. alcohol). 

This is primarily a stain for blood films. Sections may be stained in one of two 
ways: (a) Stain 1 to 5 minutes, dilute the stain with an equal voliune of water 
and continue the staining for 5 to 10 minutes. Rinse with distilled water, differ- 
entiate and dehydrate rapidly with 95% and absolute alcohol. Clear in xylene. 
Mount in balsam. 

(b) Dilute the stain with 1 to 4 volumes of distilled water and stain 1 to 24 
houl-s. Further treatment as above. To insure permanency, it is well to thor- 
oughly remove the alcohol with xylene' in clearing, by 2 or 3 treatments. 

§ 129. Wright's stain. Contains several staining principles, notably eosin- 
ates of methylene blue, methylene azure, in solution in methyl alcohol, and is 
made according to a complicated method, for which see original article [46]. 

Primarily for blood films (§ 214). Dissolve 0.2 grams of the dry stain in 100 
c. c. of methyl alcohol. In staining sections follow the procedure given in §128. 

§ 130. Nochts-Hastings Stain [22]. Similar in its composition to Wright's 
stain and used in a similar manner. In staining sections, follow the procedure given 
in § 128. Dissolve 0.3 grams of the dry stain in 100 c. c. of methyl alcohol. An 
excellent blood stain (§ 214). 

§ 131. Neutral Gentian Violet (Reinke, Bensley). Formula: Saturated 
aqueous solution of gentian violet and saturated solution of orange G. are mixed 
in equal proportions and permitted to stand 24 hours. The precipitate that forms 
is removed by filtration, washed with distilled water, dried, and a concentrated 
solution in methyl or ethyl alcohol is made. When ready to use it, dilute 1 to 4 
times with distilled water. Stain 12 to 24 hours, drain away the stain, dehydrate 
rapidly with 95% and absolute alcohol, continuing the differentiation if necessary 
with oil of cloves, to' the right degree. Remove the oil of cloves with xylene 
(thoroughly) and mount in balsam. 



PREPARATION FOR STAINING. 

§ 132. After the sections are cut and before the process of 
staining can begin, certain steps are necessary, such as the removal 
of the paraffin in the case of paraffin sections. Furthermore, it is 
usually advisable to fasten the delicate sections to the glass slides on 
which they are to be finally mounted before beginning the series of 
manipulations that are necessary in Staining and IVIounting. To 
consider the latter first: 
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§ 133. Handling the Sections. Sections may be carried on 
through the staining and mounting processes either (a) not fastened 
to the slide, — as free or loose sections, or, (b) fastened to the slide, 
which is of the greatest advantage and practically necessary in the 
case of serial sections.' The methods of fastening the sections to the 
shde are different for celloidin and paraffin sections. 

§ 134. Free sections. It is seldom necessary or advantageous 
to carry paraffin sections through the processes of staining and 
mounting not attached to slides because of their delicacy and the 
readiness with which they tear or fray. Celloidin sections may be 
more conveniently carried' on in this way. Loose sections may be 
carried on in. watchglasses or larger glass vessels if there are many 
of them, the sections either being transferred from vessel to vessel 
by means of forceps or a section lifter, or the fluid decanted, care 
being taken not to .pour off the sections, and the succeeding medium 
added. Single sections may be best carried on upon the slide which 
must be kept horizontal. When the fluid is to be changed, place a 
brush or needle gently on one corner of the specimen and pour off 
the liquid, if necessary first absorbing most of it by means of a 
pipette; in this way the section may be retained on the slide. If 
many sections, not in series, are to be treated in the same manner, 
they may be placed in a perforated container, — box or basket, — 
and handled as a unit by transferring the container from fluid to 
fluid (§ § 144 — ). When the final step is reached (§ 159) the sec- 
tions may be transferred to slides and mounted. 

§ 135. Fastening sections to the slide. 1. Celloidin sections. 
Sections cut by either the alcohol or the clarifier methods may be 
conveniently fastened to the slide in the following manner: 

If the sections are transferred to the slide from clarifier or clearer, 
absorb the fluid thoroughly by placing over the section some absorbent 
paper and pressing it down gently and firmly, repeating the operation 
several times with fresh paper. After the oil is well absorbed, with 
a pipette drop upon the section enough ether-alcohol to thoroughly 
wet it. This softens or dissolves the celloidin and on its evaporation 
the section sticks to the slide. Allow the ether-alcohol to evaporate 
until the celloidin has again set and the surface of the section looks 
dull or glazed and then place it in a jar of 95% alcohol. Do not let 
the sections dry. 

If the sections are in series, it is better to put the ether-alcohol 
on one end of the slide and let it run quickly over the sections and 
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drain from the other end of the shde, repeating the operation two or 
three times if necessary. If the sections are well pressed down and 
the clarifier thoroughly absorbed the sections will stick to the slide 
under most rough manipulation. If, however, it is found that the 
sections tend to float off of the slide in the process of staining, their 
adhesion may be insured by using albuminized slides, or removing 
the slides from the alcohol (§ 144) and again treating with ether- 
alcohol. 

Sections cut in alcohol may require more ether-alcohol. 

§ 136. Celloidin Sections with Removal of the Celloidin. In 
the above method, the celloidin is used in fastening the section to 
the slide. As celloidin stains heavily with most basic stains, it is 
sometimes desirable to have it removed as is paraffin. In most such 
cases, the difficulty may be avoided by employing paraffin as the 
imbedding method; where this is not possible, imbed in celloidin as 
usual but harden and cut in alcohol. Use 67% alcohol on the 
microtome knife, handle the sections with tissue paper as usual 
(§ 70), but before transferring them to slide previously prepared 
with albumen fixative (§ 138), let as much of the alcohol evaporate 
as is possible without the sections drying. They should also be free 
from wrinkles. Press the sections down well, remove the tissue 
paper and place the slide in 95% alcohol which will harden the 
albumen fixative cement. The celloidin may be removed now or just 
before clearing by means of ether-alcohol, absolute alcohol, or clove 
oil. 

§ 137. Free-hand Sections and such made with the freezing 
microtome may be fastened to the slide if desired by albumin fixa- 
tive or M% celloidin or both. If the first is used, the sections should 
be transferred to the albuminized slide from water which should be 
largely absorbed and the sections pressed down by tissue paper. If 
the latter, press sections to a clean slide with paper, pour on 95% 
alcohol, dip cautiously into ^% celloidin, drain and place slide in 
95% alcohol. 

§ 138. 2. Paraffin Sections are most conveniently fastened 
to the slide by albumen fixative and spreading with water, as fol- 
lows: — Place upon the slide a small drop of Mayer's albumin fixa- 
tive* and with a (clean) finger tip spread it into a thin even film. 
Place upon the albuminized surface enough distilled water to float 



M*ayer's Albumen fixative. White of egg, 50 c. c; glycerin, 60 c. c. ; salicylate 
of soda, 1 gram. Shake them thoroughly and filter. 



49 

the sections freely. Cautiously and slowly warm the slide over a 
small flame, as that of an alcohol lamp, or upon a metal warming table 
until the sections begin to spread and straighten out. When the 
wrinkles have entirely disappeared, allow the water to cool and then 
drain it off, retaining the sections in position. The slide should now 
stand 2 to 3 hours or better over night when the water beneath the 
sections having evaporated, they will have been brought close to the 
albumen fixative. They are now ready for the remaining steps. 
Melt the paraflBn by warming the slide over a low flame and place it 
in xylene (§ § 143 — ). 

§ 139. Albumin fixative and Heat. If the sections are free 
from wrinkles or with few wrinkles that can be easily "ironed out," 
place the sections in position upon a slide prepared with albumin 
fixative as above, and with a clean finger press the section into the 
albumin fixative beginning at one edge of the section and by a rolling 
motion of the finger, ironing out any wrinkles that there may be. 
It is well to look upon the reverse side of the slide to see if the section 
really adheres to the albumen fixative, as in some cases it does not. 
Heat the slide gently and slowly over a small flame until the paraSin 
melts and begins to run away from the specimen. Keep the paraflin 
just melted for a minute or so, and then transfer to the xylene. 
Should the paraffin section not adhere to the albumin fixative when 
well pressed down, it can in many cases be made to do so by briskly 
rubbing the reverse side of the slide with a woolen or silk cloth. 

§ 140. ^% Celloidin (collodion). The adhesion of sections 
that are particularly valuable or relatively thick may be ensured by 
treating them with %% celloidin, as follows: Fasten the sections to 
the slide by either of the above methods, remove the paraffin by 
xylene (§ 143), and then after draining off the xylene from the slide, 
10 to 13 seconds, it is put into a bottle containing ^% celloidin. In 
a minute or more the celloidin displaces the xylene and penetrates 
the sections. The shde is removed, allowed to drain for half a minute 
and then put into a jar of 67% alcohol which sets the celloidin [17]. 
It is now ready for the staining processes (§ 144 — ). 

PEELIMINABY STEPS. 

§ 141. These are somewhat different for paraffin and celloidin 
sections. In the case of the former, it is necessary to remove the 
paraffin by means of a solvent (e. g., xylene), remove the paraffin 
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solvent by alcohol, and usually remove the alcohol with water. In 
the case of celloidin sections the first step is unnecessary. If the 
tissue was hardened and cut in alcohol, the second step may likewise 
be omitted. 

§ 142. In ioto Staining. If the staining has already been 
done, (§ 79) these "preliminary steps" are of course all unnecessary, 
save the removal of the paraffin by xylene. 

§ 143. Xylene. Leave paraffin sections in xylene until the 
paraffin is entirely dissolved out, requiring usually only a few seconds. 
A longer stay generally does no harm. 

§ 144. Alcohol. Transfer paraffin sections from xylene to 
95% alcohol leaving the sections in the alcohol 5 to 10 minutes; or 
if you wish, shorten the period to a minute or so by waving the slide 
gentlj^ to and fro in the alcohol. 

Celloidin sections cut by the clarification method, are placed 
in alcohol to remove the clarifier. This may take a longer time, and 
if there are many slides it is well to use two changes of alcohol. A 
longer stay in alcohol does no harm. 

§ 145. Water. Remove the 95% alcohol with water if the 
stain is an aqueous one. 

§ 146. Staining. The following schema shows the general 
steps in staining and mounting. In all the processes, seemingly 
complicated, if it is remembered that the succession of media as in 
histological technique generally depends upon their miscibility or 
some special reaction, and the reason for the various steps is recog- 
nized, much of the difficulty in remembering the order in which 
they come will be avoided. 
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SCHEMA FOR THE STAINING OF SECTIONS. 
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MOUNTING. 

§ 147. Whether stained or unstained, prepared for micro- 
scopical examination by isolation or sectioning, and especially if it 
is desired to keep the preparation, it is necessary to mount it in 
some way, — i. e., so arrange it upon some suitable support (glass 
slide) and in some suitable mounting medium that it may be satis- 
factorily studied with the microscope. 
Mounting may be 
I. Temporary, or 
II. Permanent, — as 

A. Dry, or in air, 

B. In a medium miscible with water, or 

C. In a resinous medium, in which case it is necessary 
first to remove all water by either (a) drying — Desiccation, or (b) 
a series of displacements, i. e., 1. Removing the water with strong 
alcohol — Dehydration; 2. Removing the alcohol with clearer — 
Clearing; 3. Replacing the clearer with balsam or other resinous 
mounting medium. 

§ 148. Temporary mounting. Illustrations may be found in 
the examination of blood corpuscles and living ciliated cells (§ 35). 
Temporary examination of tissues is quite simple, though important, 
and for this it is only necessary to place the teased tissue or section 
on the slide in a drop of the fluid in which it is at the time, normal 
salt solution, dissociator, or alcohol, and cover. The examination of 
preparations intended for permanent mounts during the staining 
or before mounting will often serve to detect faulty treatment at a 
time when it may be remedied without great expenditure of time, or 
to discard the specimen as worthless. 

§ 149. Permanent mounting. These usually include (a) mount- 
ing dry on a ring or in a cell, (6) in glycerin or glycerin jelly, media 
miscible with water, and (c) in Canada balsam or damar, resinous 
media. 

§ 150. Mounting dry. The preparation, may be either upon 
the under side of the cover-glass (best if possible) or rest upon the 
bottom of the cell. 

In the first case a shallow cell made by a shellac ring will be 
sufiicient; in the second, a shellac ring may not give a deep enough 
cell and a paper, hard rubber, or metal ring may be cemented to the 
slide. 
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(a) When the preparation is on the cover. Prepare a shellac 
cell (§ 156) on the slide of a size slightly smaller than the cover to 
be used, and allow it to dry for a day or so. Warm the cover bear- 
ing the preparation to remove the last traces of moisture, and place 
it film side down upon the ring. Warm the slide until the edge of 
the cover may be made to adhere to the shellac ring and press the 
cover down until it adheres all the way round. Seal the cover with 
shellac and label (§ § 163, 165). 

(b) Mounting in a paper or rubber cell. With a brush, cover 
one side of the ring with a layer of shellac and place it on the center 
of the slide, shellac side down; place within the cell the prepara- 
tion, arranging it in the manner desired, and place upon the ring a 
cover-glass of a suitable size, and seal it with shellac; label. 

§ 151. Mounting in glycerin media, (a) Pure glycerin; (b) 
glycerin and acetic acid, 1%; (c) glycerin and a stain. As glycerin 
extracts most stains (Ex. Carmine) it is sometimes advisable to 
have a small amount of stain dissolved in the glycerin used for 
mounting. Of such combined mounting and staining mixtures may 
be mentioned (1) Glycerin and Congo red, (2) Glycerin and car- 
mine. Other combinations may be used. 

§ 152. Congo Glycerin. Formula: }4% aqueous solution, 
Congo Red, 1 part; glycerin, 1 part. 

§ 153. Carmine Glycerin. Formula: — Carmalum, 25 c. c. 
Glycerin, 75 c. c. 

§ 154. Methyl green and Eosin Glycerin. Formula: — 1% 
aqueous solution methyl green, 2 c. c; }4% aqueous eosin, 1 c. c, 
glycerin, 97 c. c. 

Glycerin and glycerin-jelly are most serviceable in mounting 
isolation preparations. For both of these mounting media the ob- 
ject must be mounted from water or an aqueous solution. 

Arrange the section or teased tissue in the center of the slide, 
drain off the water or aqueous solution in which the preparation is 
and add a small drop of glycerin. Take a clean cover in the forceps, 
breathe on the under side and carefully lower it upon the object; 
gently press it down. It is best to use only a small drop of glycerin 
so as not to get it outside the cover, as it is hard to clean 
away satisfactorily. Clean carefully and seal with shellac in 
accordance with § 163. 
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§ 155. Mounting in glycerin-jelly. The preparation should 
be mounted from some aqueous solution. Warm the slide gently 
and put it upon the centering card; in the center of the slide place 
a drop of warmed (melted) glycerin-jelly. Remove the object from 
the water or aqueous solution and arrange it in the glycerin-jelly. 
Grasp a cover-glass with the fine forceps, breathe on the lower side, 
gradually lower it upon the object and gently press it down. Allow 
the glycerin-jelly to set, keeping the slide horizontal meanwhile. 
Scrape away the superfluous glycerin-jelly around the cover-glass 
and seal with shellac (§ 163). 

§ 156. Preparation of shellac mounting cells. Place the slide 
upon the turn-table and center it (i. e., get the center of the slide 
over the center of the turn-table). Select a guide ring on the turn- 
table which is a little smaller than the cover-glass to be used; take 
the brush from the shellac, being sure that there is not enough 
cement adhering to it to drop. Whirl the turn-table and hold the 
brush lightly on the slide just over the guide ring selected. An 
even ring of the cement should result. If it is uneven, the cement 
is too thick or too thin or too much was on the brush. After a ring 
is thus prepared, remove the slide and allow the cement to dry 
spontaneously, or heat the slide in some way. Before the slide is 
used for mounting, the cement should be so dry when it is cold 
that it does not dent when the finger nail is applied. A cell of con- 
siderable depth may be made with shellac by adding successive lay- 
ers as the previous one dries. 

§ 157. Mounting in balsam: by desiccation. Certain prepara- 
tions may be mounted in balsam, by drying, the method of desiccation 
(§ 147), e. g., cover-glass preparations of bacteria, stained cover-glass 
preparations of blood, etc. For this is it only necessary that the prep- 
aration be absolutely dry, a small drop of balsam placed upon it or 
upon the under side of the cover-glass, which is carefully placed 
over the specimen and pressed down. 

Mounting in balsam: by displacement. Mounting in balsam by 
desiccation is serviceable for but few preparations in histology, and 
in most cases the removal of the water by a series of displacements is 
resorted to (§ 147). For this the following steps are necessary. 
Dehydration, Clearing, Mounting in balsam. 

§ 158. Dehydration. The sections are entirely freed from 
water by the use of 95% or absolute alcohol. The slide or free sec- 
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tion may either be placed in a jar of alcohol or alcohol from a pipette 
be poured over it. Treat the preparation to be mounted for 5 to 15 
minutes. The thicker the section the longer the time required; 
celloidin sections require a longer time than paraffin sections. In 
any case, be sure that the dehydration is complete, giving a longer 
rather than a shorter time, and then clear. 

§ 159. Clearing, This is accomplished by putting the slide in 
a jar of clearer or dropping the clearer upon the section from a 
pipette. When the section is cleared it will be transparent. Test 
it by holding it against a dark background; if it is not cleared it 
will be cloudy, white, and opaque. Carbol-xylene (melted carbolic 
acid, 1 part; xylene, 3 parts); xylene; or certain essential oils (ori- 
ganum, thyme, cajuput, bergamot) are used. 

§160. Mounting in balsam. Drain off the clearer and allow 
the section to stand until there appears the first sign of dullness 
from evaporation of the clearer from the surface. Then place a 
small drop of balsam upon the section or upon the cover-glass which 
is then inverted over the specimen. 

Remember that in mounting in this way you must always "De- 
hydrate, Clear and Mount in Balsam" and that the three steps are 
inseparable. 

§ 161. Natural balsam is acid in reaction due to organic acids contained. 
As these bleach basic dyes, notably hematoxylin, it is well to use for most purposes 
balsam that has been dried out and redissolved in a known solvent, such as 
xylene or benzene. Neutral balsam solutions are to be preferred. Alkaline 
balsam is sometimes preferable for some hematoxylin stains; acid balsam in 
certain other cases (fuchsin acid, injection masses, § § 118, 217 — ). Furthermore, 
according to Mann [36] , such solvents as xylene readily oxidize with the formation 
of acid products. For delicate work, therefore, it is probably advisable to use as 
thick balsam as is.convenient, and avoid inclusion of air bubbles in the mounting. 
Benzene balsam frorn this standpoint is preferable to xylene balsam. 

Certain resinous mounting media, — Camsal Balsam, Euparal, — ^have been 
recently prepared in which specimens may be mounted direct from 95% alcohol; 
clearing is then unnecessary, of course. 

SEALING THE PREPARATIONS. 

§ 162. Sealing glycerin mounted specimens. Wipe away the 
superfluous glycerin as carefully as possible with a moist cloth or a 
piece of lens paper. Place four minute drops of cement carefully at 
the edge of the cover at the four quarters and allow them to harden 
for half an hour or more; these will anchor the cover-glass and the 
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preparation may then be placed upon the turn-table and a ring of 
shellac cement put round the edge while revolving the turn-table. 

§ 163. Sealing glycerin-jelly mounts. Allow the glycerin- 
jelly to harden for 12 hours or longer. With a knife scrape away 
the superfluous jelly and then carefully wipe around the cover-glass 
with a cloth moistened with water. Place the slide on a turn-table, 
carefully center the cover-glass, and with a brush seal the edge of 
the cover by a ring of shellac while revolving the turn-table. A 
second coating may be given subsequently if needed, after the first 
coat has dried. 

§ 164. Sealing balsam mounts. This is necessary only with 
special preparations, and should in any case be done only after the 
preparations have dried out for several weeks. With a knife scrape 
off all superfluous balsam from around the cover-glass and wipe it 
carefully with a cloth moistened with alcohol or benzin (or xylene). 
Seal as with glycerin- jelly mounts. 



LABELING MICROSCOPIC SLIDES. 

§ 165. Every permanent microscopic preparation should be 
carefully and neatly labeled in ink, the label being placed upon the 
right hand end of the shde. The label should furnish at least the 
following information: 



EXAMPLE. 



(1) The number of the prepara- 
tion, the thickness of the 
cover-glass and of the sec- 
tion. 

(2) The name, kind, and source 
of the preparation. 

(3) The fixer and the stain. 

(4) The date of the specimen. 



No. C. 15. 

S. lOtJ.. 
Ileum of Cat. 
Transection. 

Z.*H.&E. 

November, 1898. 



In the case of specimens with which it is advantageous to have 
more information at hand a second label may be placed upon the 
other end of the slide, and it may bear the following information: 



*It is convenient to adopt a standard system of abbreviations, thus: — Z. = 
Zenker's fluid; He. = Helly's fluid; M. = mercuric chlorid, etc.; H. = Hema- 
toxylin; E. = eosin, etc. 
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(1) Mode of fixation (detail) . 

(2) Imbedding method. 

(3) Stains employed (de tail) . 

(4) Mounting medium (generally not necessary) . 

(5) Special purpose of the preparation. 

A catalog giving the full data of the specimen, — age, condition 
of the animal, mode of preparation in detail, special points illus- 
trated, etc., is valuable particularly in special investigations and 
with standard specimens. 

Paper labels are very convenient but possess the disadvantage that they are 
very apt to come off. In this laboratory it is the custom to label permanent 
preparations by means of a writing diamond with the record number at least. , 

§ 166. A carbon ink label written upon the slide itself is fairly durable and 
may be made as follows: First coat the end of the slide with a thin solution of 
balsam (xylene or benzene) , and permit this to dry thoroughly. Upon this surface 
it is possible to write neatly with carbon ink and after the ink is dry a second coat- 
ing of the thin balsam or of shellac may be given. This method is recommended. 

SLIDES AND COVERS. 

The slides and cover-glasses used in histological work are often 
slightly greasy and should be cleaned before using. After they are 
cleaned they should be handled by the edges only, or with forceps. 

§ 167. Cleaning Slides. For ordinary work it is enough to 
wipe the slides out of clean water to which about 5% ammonia has 
been added. A clean glass towel free from lint should be used and 
after the slides are cleaned they should be stored in covered glass 
jars away from the dust. 

§ 168. Cleaning Cover-glasses. Place them in 95% alcohol 
to which 1% of hydrochloric acid has been added. A clean, soft 
cloth such as an old linen handkerchief, gauze, etc., should be used 
for wiping them. In wiping a cover-glass "grasp it by the edge with 
the left thumb and index. Cover the right thumb and index with 
the cleaning cloth; grasp the cover between the thumb and index 
and rub the surfaces keeping the thumb and index well opposed on 
directly opposite faces of the cover so that no strain will come upon 
it, otherwise the cover is liable to be broken." (Gage, 17). 

Cover-glasses when cleaned should be stored in covered glass 
boxes, or in Petrie dishes. 

§ 169. Cleaning Mixture for Glass. For special purposes, such as when the 
slide or cover-glass is to be used in the preparation of blood smears, the cleaning 
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mixture whose formula is given below may be used. Place the cover-glasses in 
this mixture, one by one, and permit them to remain over night or longer. Rinse 
them thoroughly in running water until all color of the dichromate has disappeared 
rinse them again in distilled water and transfer to 95% alcohol, out of which they 
may be wiped. 

§ 170. Dichromate Cleaning Mixture. Formula: — Potassium .dichromate, 
200 grams; water, 800 c. c; strong sulphuric acid, 1200 ^. c. Dissolve the 
dichromate in the water by the aid of heat, and to the solution add slowly the 
sulphuric acid. The two fluids should be mixed in a lead-lined kettle [17] . 

§ 171. Used slides and cover-glasses, vials and other glassware that have 
been used with balsam, cedarwood oil, or other oily substance, etc., may be 
cleaned by boiling them with a solution of strong soap, such as ''gold dust," one 
or more changes. Used xylene or toluene is sometimes useful. Slides and covers 
may require a second cleaning with the cleaning mixture. If only water, glycerin 
or glycerin-jelly has been used on them, they may be cleaned with water, prefer- 
ably warm water, and then, if necessary, wiped out of 50% alcohol. 

§ 172. Measuring the thickness of the cover-glasses. With the cover- 
glass measurer determine the thickness of the cover-glasses and sort them into 
three groups: (a) those with a thickness of .13-.17 mm., (6) those less than 
.13 mm., and (c) those thicker than .17 mm. Groups (a) and (&) only should be 
used; (c) should be discarded or used only with objects for low magnification. 

It is advantageous to know the thickness of the cover-glass on an object 
for the following reasons: (a) That one do not try to use objectives in studying 
the preparation of a shorter working distance than the thickness of the cover- 
glass [17] ; (b) In using adjustable objectives with the collar graduated for different 
thicknesses of cover, the collar might be set at a favorable point without loss of 
time; (c) For unadjustable objectives the thickness of cover may be selected 
corresponding to that for which the objective was corrected [17]. Furthermore if 
there is a variation from the standard one may remedy it in part at least by 
lengthening the tube if the cover is thinner and shortening it if the cover is thicker 
than the standard [17]. 

THE MICROTOME KNIFE. 

Finally, the microtome Ijnife or section razor should receive a 
passing word as upon it depends far more than may be at first sus- 
pected the excellence of results. Scrupulous care should be taken 
to maintain a keen edge, smooth and free from nicks or corrosion. 
Never touch the edge with anything hard or metallic. Keep it clean. 
Before and after using it is advisable to strop it upon a strop backed 
with wood, and occasionally it will be necessary to hone it. 

§ 173. For microtome knives two grades of hones are service- 
able; the yellow Belgian for first sharpening and either a blue-green 
water hone or a fine Arkansas oil stone for finishing. These should be 
kept clean and free from dust. If a section knife is used a great 
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deal, it is best to put it on the fine hone for a short time before each 
day's sectioning. Unless experienced in sharpening section knives, 
it is well for the first few times to work under the direction of one 
skilled in the manipulation. There are, however, excellent accounts 
to be found in works on technique [e. g., 17, 21a]. 

Do not be satisfied with any but a smooth edge, keen enough to 
cut without "pulling," a hair held in the fingers, a quarter of an 
inch or more from the fingers. When once a good edge is secured, 
take pains to preserve it. 

With the yellow hone, use a lather of olive oil soap; the blue- 
green soap stone is rubbed up with water; with the Arkansas stone 
apply a good thin oil. 



SPECIAL METHODS. 

THE CELL. 

The technique of the Cell is almost coextensive with that of his- 
tology as a whole, at least as far as concerns the application of the 
more exact and delicate methods. It is necessary therefore to give 
here only the more salient points and accepted methods. 

§ 174. General Methods. Hermann's fluid, Flemming's fluid, 
Zenker's fluid, Mercuric chlorid, Carnoy's fluids, and Picro-aceto- 
formol are. standard fixers, although special problems may demand 
other combinations. Iron Hematoxylin, the Ehrlich-Biondi-Heiden- 
hain triple mixture, Safranin, Gentian Violet and Orange G. are per- 
haps the most serviceable stains. Of these iron hematoxylin is 
particularly and universally useful. The Ehrlich triple stain is 
valuable in the more analytical work and should follow Mercuric 
chlorid (or Zenker's fluid, Carnoy's fluid) fixation. Safranin and 
gentian violet, separately as red or- blue stains, or successively fol- 
lowed by orange G (Flemming's triple stain) only after Hermann's 
fluid, or Flemming's fluid, or similar mixtures. 

§ 175. Chromatin. While regressive stains of the iron hema- 
toxylin type give valuable chromatin stains, they are not as a rule 
analytical or selective. In accordance with the recommendation of 
Heidenhain it is better to stain progressively with dilute solutions 
if a pure chromatin (basichromatin) stain is desired. 
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Methyl green is one of the most delicate and precise of chro- 
matin stains. It may be used alone or in combination, as in the 
Ehrlich-Biondi mixture (§ 111). A very dilute hematoxylin (§ 88, 
92) is excellent. 

§ 176. Nucleoli. The Ehrlich-Biondi may be recommended 
to bring out other nuclear structures, such as nucleoli, although 
other combinations of basic and acid stains may be used. Mont- 
gomery recommends Ehrlich's hematoxylin followed by a strong 
aqueous eosin. 

§ 177. Cytoplasm. Quite different pictures are obtained by 
the use of fixers as similar in composition as Flemming's fluid and 
Hermann's fluid, the difference seeming to be due to a varying 
preservation of cytoplasmic "granules." The ground work of the 
cell body, the so-called Spongioplasm, may be preserved by such 
fixers as Zenker's fluid, Flemming's fluid, Hermann's fluid, Carnoy's 
fluid, etc., and iron hematoxylin and the Ehrlich-Biondi mixture give 
satisfactory stains. The granules that may be present are of different 
kinds and often not easily interpreted; they include, — (a) "re- 
serve" material (yolk granules, fat granules, etc.), (b) basophile, 
acidophile, neutrophile granules, (c) granules less easily preserved 
which include many secretion granules, etc. 

(a) Yolk granules. If present in large amount a special fixer 
may be indicated (§ § 20, 21, 22). 

Fat granules; see § § 224. 

(b) Basophile granulations (Granoplasma, Unna), may be 
demonstrated by simple alcohol fixation and subsequent differential 
staining with basic dyes. Compare § 195 and the special technique 
of blood (§ 21 1-). 

(c) These require special technique: in general, (1) the employ- 
ment of oxidizers such as dichromates, osmic acid, formalin, (2) 
no acid, or a minimum amount. This seems to indicate the presence 
of reducing substances usually lipoid in nature whose combinations are 
soluble in (or rendered soluble by) acid. Here belong the Mitochon- 
dria of Benda. 

§ 178. Mitochondria. Benda's Method. 

1. Fix in Flemming's fluid with the acid reduced to 3 drops; 2. 
Rinse in water, 1 hr.; 3. Place in equal parts pyroligneous acid and 
1% aqueous solution of chromic acid, 24 hours; 4. 2% potassium 
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dichromate, 24 hours; 5. Running water, 24 hours; 6. Alcohols; 
paraffin imbedding; 7. Sections 5[^; 4% ferric alum for 24 hours; 
8. Rinse in distilled water and — 9. Place in a mixture of saturated 
alcoholic solution of sodium sulphalizarinate 1 c. c, distilled water, 80 
to 100 c. c, 24 hours; 10. Rinse away the stain with water; 11. 
Stain on the slide with a freshly prepared mixture of saturated alcoholic 
solution of crystal violet and aniline water, equal parts, warming 
until it steams; 12. Rinse in water and differentiate in 30% acetic 
acid (1 minute or less) ; 13. Rinse in running water 5 to 10 minutes 
to remove the acid, drying with blotting paper; 14. Dehydrate 
rapidly in absolute alcohol, (dip); 15. Clear in bergamot oil and 
xylene; 16. Mount in neutral balsam. 

The above method is capricious. The following method is recom- 
mended: (1) fixing 12 to 24 hours in Zenker's fluid or the Copper 
dichromate mixture (§ 16) with 1/10% acetic acid only; (2) mor- 
danting 3 to 4 days in 2.5% dichromate (or Miiller's fluid or Erlicki's 
fluid respectively); (3) paraflSn imbedding; (4) using iron or copper 
hematoxylin as the stain (§ § 94, 95) . Benda's fluid may be substi- 
tuted for the fixer, and a number of other stains may be used; con- 
sult [6, 30]. 

§ 179. Secretion Granules in the cytoplasm, such as the zymogen 
granules in the stomach and pancreas, granules of the suprarenal 
medulla and Islands of Langerhans, etc., may be preserved and 
demonstrated in the same manner and probably for the same general 
reasons ; thus : — 

1. Trypsinogen granules. Fix in 1% osmic acid which pre- 
serves and browns them; or as under 2 below. 

2. Pepsinogen granules. Fix in Helly's fluid or one of sini- 
ilar composition. Iron hematoxylin or Weigert's copper hema- 
toxyhn, or neutral stains (§ § 107, 128, 131) may be used. 

3. Medulla of suprarenal. Apply similar fixation methods, e. g., 
Helly's fluid, and regressive staining with basic stains (e. g., iron or 
copper hematoxylin, toluidin blue, etc.). 



CONNECTIVE TISSUE 

§ 180. White (Collagenous) Fibers. Fuchsin acid is particularly 
valuable. Three methods of applying it for the differential staining 
of connective tissue follow : 



(a) Picro-fuchsin. See § 119. This may be used with or with- 
out a basic counter-stain which should precede it. If a counter- 
stain is used remember to overstain and use the picro-fuchsin to dif- 
ferentiate it. 

(b) Orange-fiwhsin. Formula: Fuchsin acid, 2 grams; Orange 
G., 1 gram; Glycerin, 7 c. c; distilled water, 100 c. c. Fix tissue in 
Flemming's fluid. Stain sections 30 seconds; dehydrate, clear, and 
mount in balsam (not alkaline). Suitable also for staining the reticu- 
lar tissue (lymphatic tissue). 

Somewhat more delicate than the picro-fuchsin. 

(c) Mallory's connective tissue stain. See § 120. While not a 
differential stain for collaginous fibers, it is nevertheless a valuable one, 
and frequently to be preferred. 

§ 181. Elastic Fibers (Elastin). Employ either the Weigert 
Resorcin-Fuchsin or the Orcein methods (§ § 125, 126), or the ^'erhoeff 
[44] m.ethod (§ 127). 

Both the white and elastic fibers may be stained in the same 
preparation, the elastic fibers being stained first. 

In a mixture composed of white and elastic fibers, picro-fuchsin 
(§ 119) will stain the elastic fibers a light yellow, the white fibers being 
colored red. 

In studying the connective tissues, it should be remembered 
that acetic and the mineral acids cause swelling or solution (gelatini- 
zation) of the white fibers, depending upon their strength. While 
this improves the cutting quality of organs rich in connective tissue, 
it also causes vagueness in outline of the white connective tissue 
fibrils. It may therefore be advisable to decrease the percentage of 
acetic acid in the fixer when the connective tissue is under investi- 
gation. 

§ 182. Reticular Tissue. Fuchsin acid, Mallory's connective 
tissue stain, or the orange-fuchsin acid mixture may be chosen for 
staining this form of connective tissue. As however the cellular ele- 
ments usually mask the fiber relations, if a view of the latter is desired 
the cells must be removed, — by a mechanical method, such as cau- 
tiously brushing the section with a camel's hair brush, or by digestion. 

§ 183. Digestion Method. The organ to be examined (e. g., 
lymphatic node, spleen, etc.), is preserved in 67% alcohol, cut into 
sections 2 mm. or more in thickness, washed thoroughly in water to 
remove the alcohol, and digested with pancreatic solution in 1% 
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sodium carbonate solution in an incubator at 38 C. until examination 
under the microscope shows that the cells have become disintegrated 
and digested. The digestion fluid should be changed every day or 
2 or 3 days. A varying length of time is necessary, — sometimes a 
month or more. Paraffin sections may also be submitted to digestion, 
with or without the removal of the paraffin. 

The following method is recommended for the further preparation 
of digested tissue. After washing thoroughly in running water to 
remove the digestion fluid, the tissue is carefully imbedded in celloidin 
(§ 61 — ) and sectioned, the sections being 20 to 30[ji, thick. These 
sections are not fastened to the slide, but after having been brought 
into 95% alcohol are placed in a concentrated solution of acid fuchsin 
in 95% alcohol to which a drop or two (per 50 c. c.) of glacial acetic acid 
has been added. After several minutes, the sections are rinsed in 
95% alcohol to remove the excess stain, cleared in carbol-xylene and 
mounted in balsam. By this method the delicate morphology is 
preserved and a sharp stain is secured. 

The method of artificial digestion with trypsin or pepsin has 
other applications in the histological analysis and it possesses a dis- 
tinct value. 



CALCIFIED STRUCTURES — BONE AND TEETH. 

(A) . Decalcification . 

§ 184. For the purpose of investigating the soft structures of 
tissues containing lime salts, such as bone, teeth, and calcified carti- 
lage, it is necessary to remove the lime salts before sections can be 
prepared in the usual way by a process known as decalcification. 
Solutions of a large number of acids, combined or uncombined with 
other substances, may be used as decalcifiers. Very satisfactory 
are: (1) Hydrochloric acid, 1 c. c, 67% alcohol, 100 c. c. 

(2) nitric acid, 3 c. c; 70% (67%) alcohol, 97 c. c, and 

(3) nitric acid, 5 c. c; saturated aqueous solution of (potash) 
alum, 50 c. c; water, 50 c. c. 

In the first and second formulas the alcohol, in the third the 
alum acts as a restrainer of the acid. The first or second of these 
formulas is, perhaps, better for bone; the second has a more rapid 
action and is possibly a better decalcifier for teeth. It is better to 
let the decalcification proceed slowly for a longer time in an abundance 
of fluid changed often, in order that the carbon dioxid may not be 
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formed too fast, accumulate in the tissues, inflate and distort them. 
Many fixers contain acid (e. g., see § § 12, 14, 17, etc.), and in their 
action give decalcification enough in the case of small calcified 
objects. 

§ 185. Directions for use. [10.] The tissue to be decalcified 
had best be first thoroughly fixed and hardened by one of the approved 
methods, and should be in 82% alcohol. In fixing, structures not 
needed should be removed, — muscles trimmed away from the bone, 
etc. Bones or teeth should be opened with nippers or a saw, so that 
the fluid may reach the marrow or pulp cavity. 

Place the hardened tissue in the decalcifier, where it should 
remain until the lime salts have been entirely removed, as may be 
ascertained by inserting a fine needle ; if any calcified matter remains 
there will be a gritty feeling on using the needle. The time neces- 
sary for complete decalcification will depend upon the size and den- 
sity of the calcified tissue, and will vary from 3 to 15 days or longer. 
The decalcifier should be changed after the first day, and if the tis- 
sue is large it is best to change it subsequently two, three or more 
times at intervals of several days. 

When decalcification is complete rinse the tissue well in water or 
67% alcohol for a few minutes and place it in 67% alcohol for one or 
two days and then in 82% alcohol for several days, or until ready to 
imbed. The 82% alcohol should be changed once or twice in order 
that the nitric acid may be well washed out. Although paraffin in 
many cases may be employed for imbedding, the celloidin method is 
generally more satisfactory. 

Hematoxylin with eosin, hematoxylin with picro-fuchsin, and 
hematoxylin with picro-carmine afford good stains; by staining 
thoroughly with hematoxylin a differential staining of bone and 
cartilage may be obtained. Mallory's connective tissue stain fre- 
quently gives interesting pictures. 

(B). Sections of Dry Bone or Tooth. 

§ 186. Though the general structure of bone and tooth is shown 
moderately well when the tissue has been decalcified (§ 184). the 
Haversian canals, canaliculi and lacunae of bone and the dentinal 
tubules of the teeth are shown much better in sections of dried, 
non-decalcified, tissue rendered sufficiently thin for microscopic ex- 
amination by grinding or filing. 
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§ 187. Directions for procedure. Prepare thin transverse sec- 
tions of dried bone in accordance with the directions below. Longi- 
tudinal (radial) sections and tangential (surface) sections may also 
be prepared in the same manner, the former to show the Haversian 
canals and their anastomoses, the latter to indicate the shape of the 
lacunae as seen in a different plane. 

1. Sawing the section. Make an exact transection of a part of 
the shaft of a long bone. The. section should be about 1 cm. long 
and include the thickness of the shaft from the surface to the medul- 
lary cavity. Make the sections about 1 mm. thick. 

2. Grinding the sections. Place the piece of bone on a cork or 
piece of soft wood and wet it with water. File it on one side until 
smooth and then turn it over. Continue the filing till the piece is 
from .05 to .10 mm. thick, using the cover-glass measurer to deter- 
mine the thickness. In the beginning one can press quite hard in 
filing; as the section thins, more care should be exercised and the 
pressure should lessen. 

A grinder, such as a fine carborundum wheel or emory wheel con- 
nected with a variable speed electric motor is very useful and greatly 
expedites the preparation of the sections. The carborundum wheel 
should be horizontal and the sections ground on the flat surface of the 
wheel, water being used to carry away the bone dust. 

3. Washing and drying the section. When the section is thin 
enough, rinse it and dry it with lens paper. 

4. Mounting the sections in hard balsam. To prepare the bal- 
sam, put two or three large drops on the middle of a slide and heat 
the slide in some way to drive off the volatile constituents. Do not 
heat the balsam hot enough to produce bubbles. When the balsam 
chips after cooling, it is ready for use. 

In mounting, have the section and a clean cover so placed that 
they may be easily and quickly grasped. A cork somewhat smaller 
than the cover-glass should be within reach, and also a stone or 
piece of glass upon which to quickly cool the specimen as soon as it 
is mounted. 

Heat the slide until the balsam is well melted. Put the slide 
upon a piece of paper, grasp the piece of bone with the forceps and 
plunge it into the melted balsam; put on the cover as quickly as 
possible and press it down with the cork; finally put the slide on 
the stone or glass to cool the balsam quickly. All of this should be 
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done as rapidly as possible, and if done rapidly, the air will be retained 
in the lacunae and canalieuli, and cause them to stand out as black 
spots and lines. If soft balsam were used it would soon drive out 
the air, and being of nearly the refractive index of bone, it would 
obliterate the lacunae and canalieuli. Further, if the hot balsam 
were not cooled quickly, the air would be driven out and balsam 
would take its place in the spaces. 

MUSCLE. 

§ 188. Fresh. Much of the investigational work on muscle 
has been done on fresh muscle, or frozen sections. For examination 
fresh it is advantageous to have very thin muscles. Of the several 
muscles that have been recommended, one of the most available is 
the M. cutaneus pectoris of the frog. This may be prepared by 
cutting the skin in the midventral line, cutting at right angles to 
the first cut across to the angle of the jaw, thence caudally parallel 
to the first cut. The skin flap so formed contains the insertion of 
the muscle which may now be easily dissected free and removed to- 
gether with some of the tissue at insertion and origin to handle it by. 
It may be used for examination fresh, with the polarization micro- 
scope, etc. 

§ 189. Isolation Methods. Nitric acid (§ 44) may be used for 
plain muscle and for skeletal muscle. Potassium hydroxid (§ 45) 
is suitable for heart muscle. 

(a) Nitric acid. Place in the nitric acid dissociator the fresh 
striated muscle, gland or organ containing the muscle, — (plain 
or striated,) — that it is desired to isolate. If it is the intention 
to work out the anatomy of the muscle or the relation of the muscular 
coats in an organ, the entire muscle or organ should be taken ; other- 
wise, portions will suffice. At the ordinary temperature of the 
laboratory the dissociating action will have been suflficient in from 
1 to 3 days; test at intervals with needles to ascertain whether 
the fascicles and fibers can be easily separated; or fragments may 
be shaken in a test tube or vial with water in order to separate the 
fibers. 

When the dissociation is sufficient pour off the acid and wash 
the muscle gently but thoroughly with water. If the tissue is to be 
stained with hematoxylin or carmine, or kept for any length of time, 
drain off the water and add a half -saturated solution of alum. For 



67 

permanent storage, pour o£E the alum solution and place successively 
in 67% and 82% alcohol. 

For temporary examination, tease out a portion of the muscle in 
water, separating the fibers carefully by means of needles ; cover and 
examine. 

Permanent preparations, (a) unstained. After teasing out with 
the needles drain off the water and iudd a small drop of glycerin 
or glycerin-jelly; cover, and seal after first properly cleaning (§ § 162, 
163) . (6) stained. — Either employ the nitric acid method given above 
or (better; Badertscher) dissociate at incubator temperature (about 
38° C.) in a sat. solution of mercuric chlroid with 10% of strong nitric 
acid added. Test at intervals and when dissociation has proceeded 
far enough, wash out the dissociator with water and 67% alcohol. 
Stain with carmine or hematoxylin. Mount in glycerin (§ 154-), 
glycerin-jelly (§ 155), or dehydrate, clear and place in dilute balsam 
(§ 157- Cf. § 215). 

(b) Potassium hydroxid. Place in the fluid small pieces of 
the heart muscle of a fetal, new-bom or young animal; after 10 or 15 
minutes, the tissue should be tested with needles at intervals of about 
five minutes, so that the action may not be too prolonged; probably 
15 to 30 minutes will sufiice. As soon as the elements separate 
readily, pour off the caustic potash solution and add an abundance 
of 60% solution of potassium acetate (potassium acetate, 60 grams; 
distilled water, 40 c. c). Take small fragments and tease them in 
this solution, or shake them in a vial, until the 'cells' are separated 
from each other. 

For temporary examination, cover, in a drop of the potassium 
acetate solution. For permanent preparations, drain off the potas- 
sium acetate solution and add a small drop of glycerin or glycerin- 
jelly. 

Stained preparations. Pour off the potassium acetate solution 
and add a half saturated solution of alum, letting it remain for 24 
hours or longer. Tease in water, stain with hematoxylin or carmine, 
wash away the stain with water, and add a drop of glycerin or gly- 
cerin-jelly. Cover and seal (§ 162 — ). 

If a large amount is desired, the tissue may be carried through 
the various steps in a vial. 

§ 190. Sections. To bring out the structure of the fibrillae 
picro-aceto-formol (§ 17) or an alcoholic fixer (§ § 23, 24) is preferable 
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although the sarcoplasm is not so well preserved. The muscle should 
be moderately distended upon cork, before fixing, the ends secured 
by small pins. 10% formalin or Zenker's fluid or Mercuric chlorid 
may also be used, the sarcoplasm being much better fixed in di- 
chromate, osmic acid or formalin mixtures. Iron hematoxylin is 
particularly indicated as a stain for muscle (§ 94). Mallory's con- 
nective tissue stain (§ 120) is found to give an excellent differentiation 
(Kingery). 

To difiPerentiate muscle in situ, picrofuchsin may be used, which 
stains muscle yellow or orange, the surrounding connective tissue 
red. Mallory's connective tissue stain is also frequently useful. 

To differentiate the intercalated discs of cardiac muscle, fix in 
mercuro-nitric mixture (§ 20) ; imbed in paraffin; stain sections with 
haemalum (§ 89), diluted, 12 to 24 hours; differentiate with acid 
alcohol; dehydrate, clear, mount in balsam. 



THE NERVOUS SYSTEM. 

An analytical grouping of the numerous methods used in the 
study of the finer structure of the Central Nervous System is pre- 
mature. The most salient point is the prominent part that reduc- 
tion processes seem to play. The more important methods here pre- 
sented deal (a) with the finer structure of cell and fiber; — demonstra- 
tion of the tigroid substance and fibrillae ; (b) the differential staining 
of the myelinic nerve fiber (Weigert and Marchi methods); ^c) the 
morphology of the elements (neurones) as revealed by the chrome- 
silver impregnation methods (Golgi methods) or the use of intra- 
vitam (methylene blue) methods. 

§ 191. Isolation of Nerve Cells. Employ formaldehyde disso- 
ciator for the isolation of the nerve cells of the spinal cord and of 
the cerebral cortex, proceeding as follows : 

Split the spinal cord along its median plane, separating thus 
the two halves, and place it in an abundance of the dissociating 
fluid. The cerebral cortex should be cut into small pieces by sec- 
tions vertical to the surface. Allow it to remain in the dissociator 
from 2 to 24 hours; for the best results a stay in the fltiid of more 
than 24 hours is not so satisfactory; although isolated cells are 
readily obtained their processes are broken off much nearer the cell 
body. 



69 

Place a fragment of the gray matter of the spinal cord or the 
cortex of the cerebrum on a clean slide in a drop of J^% Congo Red 
(§ 113) or 1/10% eosin in formaldehyde dissociator; with the blade 
of a scalpel crush the tissue, grinding it thoroughly with a rotary 
movement, which will reduce it to small pieces. Gather the debris, 
drain off the fluid, and add a drop of glycerin containing stain. 
Cover and examine, tapping the cover sharply with the handle of the 
scalpel to shake out the processes of the cells and free them from 
surrounding matter. Examine, searching for cells with many and 
long processes, and if a satisfactory preparation, seal according to 
§ 119. 

§ 192. Isolation of Nerve Fibers, (a) For isolation of myel- 
inic nerve fibers, with the preservation and blackening of the myelin, 
and for amyelinic fibers, employ osmic acid dissociator (§ 42). 

(fe) For the isolation of myelinic nerve fibers with the removal 
of the myelin for the demonstration of the axis cylinder, neuro- 
lemma and framework of the sheath, fix nerves in Dichromate- 
acetic or similar fluid one or more days, wash in water, pass up 
through the alcohols, dehydrate, remove the myelin by placing the_ 
tissue in a fat solvent, — chloroform, for one or more days, 95% alco- 
hol 1 day, pass through the alcohols to water, stain in Delafield's 
hematoxylin 12 to 24 hours, wash in water, pass up through the 
alcohols, dehydrate and place in clearer. Out of this the small bun- 
dles of the nerve fibers may be teased apart with needles, care being 
taken to keep the fibers as nearly parallel as possible. Mount in 
balsam. 

§ 193. Gold Chlorid Methods. These methods, which are 
widely serviceable, depend upon the reduction of gold chlorid solu- 
tions by the tissues through the agency of (a) sunlight or (b) various 
chemical substances of which the acids, formic, acetic, citric, etc., 
are particularly used. Either one or both of these agencies may be 
used. Usually fresh tissue is used although the method may be 
applied to fixed tissue, particularly as a neurofibrilla stain [6, 30]. 
It is the method par excellence for staining motor nerve terminations 
for which purpose the following method is serviceable. 

§ 194. [21]. Fresh tissue or (better) tissue fixed in 10% formalin may be 
used. Place small pieces of muscle containing the endings for 30 minutes in 10% 
formic acid solution. Remove to 1 % gold chlorid for 30 to 40 minutes, avoiding 
direct sunlight; the tissue becomes yellow. Transfer again to a 2% formic acid 
solution in which the tissue should remain for 1 or 2 days in the dark (rich purple 
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color). A bluish-purple indicates too great a reduction. Wash in distilled water 
for an hour or so. 

If it is desired to make a teased preparation, transfer to glycerin in which 
the fibers may be cautiously teased apart, taking care not to separate them too 
much. Permanent mounts may be made in glycerin or glycerin-jelly. 

If sections are called for, dehydrate, clear (xylene method, § 52), and imbed in 
paraffin. Celloidin may also be used. 

With fresh tissue the treatment by formic acid may cause too 
marked a swelling and distortion ; in which case the Ranvier method 
[30] may preferably be used. 

§ 195. Tigroid substance (Nissl's bodies). The stainable sub- 
stance in the cell body of nerve cells resembles the chromatin of 
the nucleus in its reactions, staining with basic stains of which a 
number are suitable. Alcohol, Camoy's fluid (§ 26, 27), mercuric 
chlorid, or formalin may be used as fixers, preferably one of the first 
three. Methylene blue or toluidin blue are the usual stains. 

§ 196. Nissl's Method (modified). Imbed in paraffin or cel- 
loidin tissue that has been fixed in 95% alcohol or Carney's fluid; 
cut the sections rather thick, 15 to %0[>: The sections may either be 
fastened to the slide or carried on as free sections. Stain the sec- 
tions in a 1% aqueous solution of methylene blue or toluidin blue 
for 5 to 10 minutes, heating it until it steams. Permit it to cool, 
rinse in water, dehydrate and differentiate in absolute alcohol, clear 
with oil of cajuput and xylene and mount in xylene balsam. The 
nerve cells and nuclei will be stained blue, all else colorless. In the 
cell-bodies of the nerve cells, the tigroid substance will be stained. 
Should the stain not be selective enough, differentiate for a few 
seconds before dehydrating with a mixture of anilin 1 part, 95% 
alcohol 9 parts. 

If celloidin is used for imbedding, it should be remembered that 
it should be dissolved away in the differentiation (absolute alcohol). 

§ 197. field's Method {modified). Fix in mercuric chlorid 
(or as for Nissl's method), imbed in paraffin, cut sections 5 to lOfJ- 
and stain 15 minutes in 1% solution of erythrosui in 67% alcohol, 
rinse, stain 10 minutes in 1% aqueous solution of toluidin blue, dif- 
ferentiate briefly in l/10th% alum solution, dehydrate rapidly in 
95% and absolute alcohol, clear in xylene, mount in balsam. Alka- 
line methylene blue or Nissl's soap solution (K% methylene blue in 
1/5% soap solution) may be used in either of these two methods if 
desired. 
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§ 198. Neurofibrillae (Simarro-Cajal Methods). Three of Ca- 
jal's methods may be given : Formula 3a. 1. Fixation in ammonia- 
cal alcohol (2 to 10, usually 4 to 5, drops of ammonia per 50 c. e. of 
95% alcohol), 20 to 48 hours; 2. Mop up with absorbent paper and 
3. Place in 1H% silver nitrate solution for 4 to 5 days at 32 to 40° C. ; 
the tissue when ripe should be hght gray ; 4. Wash for a few minutes 
in distilled water; 5. Reduce in a solution of 1 to 2 grams hydro- 
chinonorpyrogallol; water, 100 c. c; formalin, 5 c. c; for 24 hours; 
6. Wash in water; 7. Imbed by the paraffin method; 8. Section 
and mount in balsam or damar. Recommended for spinal cord, 
cerebellum, spinal gangha. 

Formula ^a. 1. Fix small pieces of tissue (5 mm. thick or less) 
for 6 to 12 hours in formalin, 15 c. c, water 85 c.c; 2. Wash 6 
hours or longer in running water; 3. Place for 24 hours in 50 c. c. 
of alcohol with 5 drops of ammonia added; 4. Mop with absorbent 
paper; 5. Place in 1>^% silver nitrate solution for 4 to 5 days (35 
to 38° C); The remaining steps as in formula 3a. Recommended 
for sympathetic ganglia, cerebrum, cerebellum. 

Formula 5a. 1. Fix small pieces for 6 to 8 hours in water and 
pyridin, each equal parts; then for 18 to 24 hours in pure 
pyridin; 2. Wash for several hours in running water; 3. Place 
in 90% alcohol for 1 day; 4. Mop with absorbent paper;* 5. Place 
in \y2% silver nitrate solution for 4 to 5 days (35 to 38° C); The 
remaining steps as in 3a and 4a. Recommended for embryonic and 
fetal tissue (neurogenesis), regeneration, cerebrum. 

By these "photographic" methods, fibrillae, fibrillar networks, 
changes in histogenesis; etc., may be demonstrated. 

For other methods of demonstrating the neurofibrillae, — Biel- 
schowsky's, Bethe's toluidin blue method. Apathy's hematein 
method, etc., consult larger works on technique [6, 30]. 

§ 199. The Weigert Method for staining differentially the 
myelin of myelinic nerve fibers. This method in all its various 
forms, depends upon the power of the myelin, probably through the 
reducing fatty acid present, to combine with and hold in (nearly) 
insoluble form the chromium (oxid), which thus serves as a pri- 
mary mordant for a copper or iron hematoxylin stain, which is sub- 
sequently differentiated by an oxidizer as a bleacher. The important 
steps are: — (1) fixing and mordanting in dichromate solutions; usually 
the potassium salt is chosen; (2) a second mordantage in copper 
(acetate), (3) the staining; (4) the differentiation. The point at 
which the imbedding and sectioning are introduced is of secondary 
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stances (hpoids) of the myelin upon which the method depends are 
soluble in the reagents of both the paraffin and celloidin methods, less 
so in the latter — and in acids, and that even the dichromate mordan- 
tage does not preserve them perfectly. The dichromate mordantage 
must thus be given before the imbedding is begun (alcohols), and pref- 
erably with the fresh tissue. Practically the only fixer that is indif- 
ferent in this respect and after which the dichromate may first be used 
is formalin. Other dichromate fixers such as Zenker's fluid with the 
acetic acid reduced to about 1/5% may be used, but it is well to let 
them act only a relatively short time, and continue the mordantage 
with simple dichromate solutions. Aside from this the point at which 
the imbedding and sectioning are introduced is of secondary im- 
portance; thus. Strong [41] combines the copper and chromium 
mordantage by using copper dichromate ; the former may also follow 
the dichromate treatment before imbedding is begun, in case of 
celloidin imbedding it may be applied to the celloidin imbedded 
block, or after the sections are cut. Streeter [40] stains (in toto,) 
4 to 6 days as well as mordants before the imbedding. Weigert has 
added to both the primary and secondary mordants chromium 
fluorid to (1) hasten the process and (2) prevent precipitates; the 
formulas are: (a) 5% potassium dichromate, 100 c. c; chromium 
fluorid, 2 grams; (b) 5% copper acetate, 100 c. c; chromium fluorid, 
2 grams; glacial acetic acid, 4 c. c. (b) is especially indicated if the 
secondary mordantage is given before the sectioning. Whatever 
modification of the method is employed, the reduction of the dichro- 
mate by the tissue in the primaiy mordantage should fully reach 
the dark brown stage, but not pass it (i. e., become green). Sheldon 
[4] gives a good resume of the method. The following method is 
serviceable : — 

1. Fix tissue for 1 to 2 days in Zenker's (see above) Orth's, or 
Helly's fluid, 10% formalin, MuUer's fluid, or potassium dichromate 
solution. — 

2. Mordant until dark brown in 3% and 5% aqueous solution 
of potassium dichromate. This usually takes about 4 weeks; or, 
shorten the period by using the dichromate-chromium fluorid mix- 
ture (above) when about 5 days should suffice; 

3. Wash in running water 1 or 2 days, and 

4. Pass up through the alcohols, preferably keeping the tissue 
in the dark. 
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5. Imbed in celloidin or paraffin. 

6. Stain and differentiate sections by the Weigert copper hema- 
toxylin method (§ 95). 

7. Mount in neutral or alkaline balsam. 

Large sections are usually best carried on as free sections. The 
differentiation of the stain should be carefully watched and stopped 
when the fibers are a rich dark blue on a yellow-brown-background. 
The reagents used in dehydrating, clearing and mounting should 
be neutral or alkaline, — not acid. 

§ 200. Pal's method may be used if it is desired to stain the 
nerve cells subsequently. 

Fix and mordant, in the dichromate as above; omit the copper 
mordantage; imbed and section, staining the sections with the strong 
hematoxylin used in the Weigert method (§ 199) until the sections are 
a blue-black. 

Rinse the sections in tap water and differentiate by treating for 
a short time (20 to 30 seconds) with a 1/10% aqueous solution of 
potassium permanganate and for a few seconds with a mixture of 
1% oxalic acid and 1% potassium sulphite, equal parts. The action 
will be very rapid and must be carefully watched. Wash the sec- 
tions ^ hour in running water. Counter-stain with a red stain 
(eosin, erythrosin, carmine, etc.) if desired. 

§ 201. Marchi Method. This method of staining differen- 
tially degenerating myelinic nerve fibers depends upon the fact that 
potassium dichromate (or chromic acid) is able to satisfy the re- 
ducing power of myelin but does not oxidize the globules of. free 
fatty acid (?) formed in the degeneration of the myelinic sheath 
of the fiber, which may be subsequently blackened by the reduction 
of osmium tetroxid. Important points in the successful application 
of the method are: (a) the length of time the degeneration should 
be allowed to proceed before treating with potassium dichromate, 
(b) the time in the dichromate mordant, (c) the time in the osmic 
acid mixture (sufficient and complete penetration), (d) the preser- 
vation in situ and final mounting of the osmicated fat granules; the 
difficulties here are those of fat preservation in general (§ 224). 

(a) The optimum will vary and must often be determined 
experimentally: in general, — for cold blooded animals; (Toad), 30 
to 40 days; for mammals, 12 days. 

(b) 8 to 10 days in Miiller's fluid or 3% potassium dichromate 
is usually enough; a longer time does no harm. 
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(c) The osmic acid is useful in 1% aqueous solution usually 
mixed with a potassium dichromate solution. 6 to 10 days suffice; a 
longer time does no harm (brittleness) . 

(d) See below. 

§ 202. As employed by van Gehuchten [18] : — 

1. Harden in 3% potassium dichromate solution for 3 weeks; 

2. Transfer to a mixture of 1% osmic acid solution, 1 part; 
3% potassium dichromate, 4 parts; for 3 weeks, blocks of tissue 
not more than 2 mm. thick. Use abundance of the fluid and change 
2 to 3 times if deemed necessary. 

3. Wash in running water for 12 to 24 hours. 

Avoid the paraffin and celloidin imbedding methods if pos- 
sible. Of these two the celloidin method is preferable. For further 
treatment, see § 227. 

§ 203. Flemming's or Benda's fluids (§ § 19, 227) may be used 
instead of the Marchi method for the same purpose with small objects, 
and peripheral nerves, etc. 

§ 204. The Golgi Methods, whose field of application is not 
confined to the nervous system (gland ducts, bile capillaries, blood 
capillaries, secretory canaliculi, muscle, etc.) consist in (a) mordant- 
ing the fresh or living tissue for a sufficient length of time in a dichro- 
mate solution, usually containing as well osmic acid or formalin, 
and then — (6) transferring to a silver nitrate solution, whereupon 
certain of the nervous elements become outlined more or less com- 
pletely by impregnation with a chrome-silver combination. 

The reaction probably depends on the presence, in certain "phy- 
siological states" of the elements of a substance or substances which 
combines with the chromium salt (with reduction?) and through it 
with the silver salt. These hypothetical substances, — or possibly 
physical states, — seem to disappear more or less rapidly after the 
death of the animal and their power to hold the silver in combination 
to decrease with the progress of the dichromate mordantage beyond 
a certain point. If successful, certain of the cells and their processes, 
— amyelinic, and to a certain extent, myelinic nerve fibers, are out- 
lined by an impregnation, black by transmitted, brown by reflected 
light. 

§ 205. The method is, however, capricious; success depends on 
(a) the kind of animal; different parts and tissues react more satis- 
factorily in some animals or classes of animals than in others, (b) 
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The age of the animal; some regions of the nervous system give bet- 
ter results in young or fetal animals; other parts take the stain 
better in older animals, etc. (c) The time of mordantage; it is neces- 
sary that the tissue be mordanted a certain length of time, constant 
(relatively) for a certain kind of tissue under the conditions above 
(a and b). It is necessary that the best amount of dichromate mor- 
dantage be given, (d) Different organs and regions of the central 
nervous system vary greatly in the ease with which they can be made 
to furnish satisfactory impregnations. Almost certain impregna- 
tions of hippocamp can be gained; cerebral cortex is likewise quite 
•easy to stain. With the olfactory bulb the action is not constant 
though fairly complete. The optic lobes and retina of birds and 
large reptiles are more satisfactory than those of mammals. The 
myel (spinal cord) of embryo birds (7 to 14 day chick best) is gen- 
erally more satisfactory than that of mammals ; in any case, fetal or 
new-born animals should be employed. Difficult are satisfactory 
impregnations of sympathetic ganglia, organs of special sense and 
the intrinsic nerves of the viscera. 

The important forms of the method are: — (a) the Slow Method; 
mordantage in dichromate solutions of preferably increasing 
strength, 2, 3, 5%, for 1 to 4 months depending on the temperature, 
strength of solution, etc. (6) The Rapid Method; in this another 
oxidizer, osmic acid, is combined with the dichromate with a reduc- 
tion in the duration of the treatment to a few days. Combination of 
(a) and (6) are sometimes serviceable; (c) Double (or triple) Im- 
pregnations, obtained by repeating (6). Important modifications 
are: (1) substitution of formalin for the osmic acid in (6), (2) 
rriercuric chlorid instead of silver nitrate (Cox's Method). The 
Golgi methods have been widely applied and for details the individual 
papers may be consulted [6]. 

§ 206. Golgi's Rapid Method. This is the most generally 
serviceable of the different methods. 

Directions jor use. Tissue of a (preferably) young animal is 
placed in a mixture of 4 parts of 3% potassium dichromate .and 1 
part of 1% osmic acid. The amount of the fluid should be at least 
twenty times the bulk of the tissue and should be changed as soon 
as it grows turbid or loses the strong characteristic odor of the osmic 
acid. 

After the action has proceeded to the right degree (§ 207), rinse 
the tissue in water for about 5 minutes and place for 15 minutes in 
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3- 34% solution of silver nitrate, and then for 2 or more days in a 
M% solution of silver nitrate, preferably keeping it in the dark. 
Without washing, imbed rapidly in celloidin as follows: 
(a) Dehydrate 2 to 3 hours in 95% alcohol, changed two or 
three times; (6) place in thin celloidin for 20 minutes, in thick cel- 
loidin for 20 to 30 minutes; (c) imbed in thick celloidin, on a block 
qf wood (best ; § 65a) ; {d) harden the mass in chloroform for 20 to 
30 minutes, and (e) place the block in clarifier and cut, sections 
being 50 to 100 t^ thick according to the nature of the tissue and the 
character of the impregnation. 

(/) Place the sections in 95% alcohol for a few minutes; clear 
in carbol-xylene and mount in balsam by placing the section on. the 
slide, absorbing the clearer thoroughly by means of tissue paper and 
spreading over it thick xylene balsam. Do not cover. Later, when 
the balsam has hardened somewhat, it may be melted by heat and 
much of the superfluous balsam drained from the section and scraped 
away with a knife, and a cover glass added if desired. 

§ 207. Time oj hardening. From results of Cajal, van Gehuch- 
ten, and others, and from general laboratory experience, the follow- 
ing periods will probably be found approximately correct. In 
general: The best results are to be obtained with kittens 3 to 20 
days old, puppies 2 weeks old,' rats 8 to 10 days, rabbits 8 days, (o) 
For cerebral cortex (and hippocamp) : New-born kitten, 1 to 2 days; 
kitten half grown (3 to 4 months), 3 to 4 days; new-born rabbit, 24 
hours; rabbit one month old, 2 to 3 days; adult mice, 3 to 4 days. 

(6) For spinal cord: Chick of 5 to 6 days' incubation, 24 hours; 
chick, 14 to 15 days' incubation, 3 days; new-born kitten or puppy, 

2 to 3 days. Frog tadpoles (large) 3 to 5 days. 

(c) Cerebellum: New-born kitten, 1 to 2 days; kitten half 
grown, 4 days. 

{d) Sympathetic system: Chick of 14 to 18 days' incubation, 

3 days. 

(e) Retina: 1 to 3 days. 

(/) Olfactory mucous membrane: 3-4-7 days. 

§ 208. Intra vitam Methylene Blue. Methylene blue shares 
with a number of coal tar dyes the power of staining during life 
nerve cells and fibers and certain cytoplasmic granules. Like the 
Golgi methods, "intra vitam" staining of nervous tissue is capricious; 
applicable only to living or fresh tissue and depends upon unknown 
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substances or conditions that become changed after death. In the 
reaction reduction of the methylene blue to its leucobase (colorless) 
by the nervous tissues appears to play an important part. In general, 
the technique involves: (1) Bringing a methylene blue solution of 
sufficient strength in contact with the (essentially) living nervous 
elements, (2) permitting it to remain a sufficient length of time for 
the staining reaction, (3) exposing the tissue to the action of the 
oxygen of the air until the stain is fully developed, — re-oxidation 
of any leuco-methylene blue and satisfying the reducing reaction of 
the tissue; then — (4) either examining at once or fixing the stain 
in situ by its precipitation in an insoluble form for its preservation 
(imbedding and sectioning). 

1. The methylene blue may be brought in contact with the 
neurones by injection, (a) through the vascular system, — aorta if 
the animal is small, artery supplying the part, if large; — (b) into 
the body cavities ; (c) subcutaneously : or, by immersion of the organ 
or part, or the entire animal if small (many invertebrates). Keep- 
ing in mind the end result desired, the best method will suggest itself 
in a particular case. Cajal cut parallel slits in the cerebral cortex 
and inserted the methylene blue in powdered form or as a saturated 
solution. In general, the solutions should be as dilute as possible; 
of 1 /15 to 1 /4% strength in physiological salt solution, the more 
direct the application the weaker. It is well to have on hand a 1% 
stock solution in physiological salt solution and dilute it (with salt 
solution) as desired. Of the methylene blue preparations that are 
available, Ehrlich's or "B. X." are more generally used. A combi- 
nation of injection and immersion is often advisable. In introduc- 
ing the stain by injection, first remove the blood by washing out with 
physiological salt solution or by bleeding and let the injection be 
full, i. e., through the capillaries into the veins. If a mammal is be- 
ing dealt with, salt solution and staining solution should be warmed 
to body temperature (35 to 38° C). 

2. It is difficult to give any general rules as to the time the 
methylene blue solution should remain in contact with the tissue 
before exposure as it is best to determine it experimentally in each 
case. The time should be shorter for warm blooded, longer for cold 
blooded animals. If introduced by injection, 20 to 30 minutes for 
a mammal, 2 to 12 hours for a cold blooded form, may be suggested; 
the organ or part should then be removed, wet with the dilute stain 
(perhaps 1 /15% strength) for another period of time, — }4 to 1 hour. 
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access of oxygen to the point desired being kept in mind. At inter- 
vals, free hand sections should be examined under the microscope to 
determine the state of the reaction. If the tissue is mammalian, it 
should be kept protected from evaporation during this time and 
warm, as in an incubator. 

If the stain was applied by immersion, a shorter time suffices; — 
up to 15 minutes or so with a subsequent exposure to the air of }4, 
to 1 hour wet with the dilute solution. 

Small aquatic animals may be immersed in very dilute solu- 
tions (1/100 to 1/1,000%), the optimum strength and time of im- 
mersion being experimentally determined. 

In some instances (particularly parasitic worms) the tissue 
hold the methylene blue in reduced form in spite of exposure to the 
air and the color is only developed when placed in the fixer (below). 
In any event it is better to fix the stain earlier than later. 

4. Two methods are standard for preserving tissue stained 
intra vitam with methylene blue, the first of these (Dogiel's) is suit- 
able only for such tissue as may be exposed for study by teasing; 
the second (Bethe's) may be used both for such preparations and 
those which it is desired to imbed and section. 

DogieVs Method. Immerse the tissue in a saturated solution of 
ammonium picrate (orange-yellow needles) for 2 to 24 hours according 
to the size of the piece, using abundance of fluid. If maceration 
occurs, Dogiel suggests addition of 1% of 1% osmic acid. Transfer 
tissue to equal parts of the ammonium picrate solution and glycerin in 
which the tissue may be preserved, teased, and mounted. 

Bethe's Method. Immerse the tissue in a 5 to 10%aqueous solu- 
tion of ammonium molybdate for 1 to 24 hours according to the size of 
the piece, using abundance of the fluid. Trim the tissue as desired, 
removing all unnecessary parts, dividing it into smaller pieces, etc. 
Wash in distilled water, changed several times, for 1 to 3 hours. 
Dehydrate rapidly in 95% and absolute alcohol, — 4 to 6 hours, 
shortening the time if possible. Imbed rapidly in celloidin (§ 206) 
which may be hardened in 67% alcohol and sections cut. 

It may be advisable, particularly in summer work, to have the 
water and alcohol specially cooled to prevent dissolving of the stain 
in the alcohol. Tissue already fixed in the ammonium picrate may 
be refixed in the ammonium molybdate solution. Indeed, this 
double fixation is recommended by Bethe as particularly suitable for 
invertebrate material. 
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The paraffin method is not advisable if the above method suf- 
fices. If it is desired, however, after the dehydration, clear thor- 
oughly with oil of cloves followed by xylene and infiltrate in paraffin 
(§ 52). In treating the sections, avoid alcohol as much as possible. 

Section or jn ij^to staining may be applied, preferably carmine 
(not alkaling or aciiiormulae). 

This impoi^nt inethod has been elaborated largely through the 
work of Bethe, Cajal, Dogiel, Huber, Retzius and others, for which 
consult [6]. 

The method may be used for the staining of Neurofibrillae; for 
its applications for this purpose, consult the special articles. 

§•209. Neuroglia Stain. Tissue is fixed for 24 hours in copper 
dichromate-sublimate-acetic (1 /5%) mixture (§ 16) and subsequently 
mordanted 3 or 4 days in 2.5% copper dichromate. Imbed in paraffin, 
Sections (5 to 10^) are fastened to the slide and the Benda stain is 
used, as follows: — (1) 4% ferric alum for 24 hours; rinse well in dis- 
tilled water and (2) place for 24 hours in a dilute solution (amber 
yellow) of sodium sulphalizarinate (concr. sol'n. in 70% alcohol 
added to distilled water). Rinse in distilled water, blot with absorb- 
ent paper, and stain (3) in a 1 /10% aq. sol'n. of toluidine blue, 
heating it until it steams, cooling and staining 15 minutes. (4) Rinse 
with distilled water and treat for a few seconds with acid alcohol (70% 
alcohol, 100 c. c; concr. Hcl, 6 drops). (5) Blot with absorbent 
paper and dehydrate rapidly with 95% and absolute alcohol. (6) 
Differentiate carefully with creosote, to the right degree; (7) blot 
with absorbent paper, and rinse in several changes of xylene. Mount 
in balsam. Neuroglia fibers, a dark blue, neuroglia 'cells' a light 
blue, axis cylinder and myelinic sheath red to brown, nuclei dark blue, 
etc. 

This method may be used with fresh or formalin material, human 
or animal. (Kingery). 

THE BLOOD. 

Special methods in the examination of the blood include (1) 
Examining fresh; (2) Technic of staining blood films; (3) Deter- 
mination of the number of red and white corpuscles per cubic milli- 
meter; (4) differential counting of the white corpuscles; (5) De- 
termination of the relative amount of hemoglobin ; (6) Spectroscopic 
examination of blood (hemoglobin), etc. (1) and (2) are briefly 
given here; for (6) see [17]. 
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§ 210. Examining fresh. This consists in covering a drop 
on a slide, and immediately sealing the cover-glass to prevent evapo- 
ration, observing the following cautions: (1) The drop of blood 
(from the finger or the lobe of the ear) should flo'^A|fily and not 
be obtained by pressure. The drop should be a J^H^^sized one, 
which will spread out in an even, thin layer ujC^^^oflnver. (2) 
The dropf should be received upon a cover oj^^HHrnrered, and 
sealed at once with castor-oil. 

Examination of fresh blood may be used in clinical examination 
for the detection of some abnormal conditions, and it is of value in 
the r^gh diagnosis of many others. 

§ 211. Stained preparation of blood, (a) Preparing the blood 
film. This may be best done in one of two ways: (1) The edge 
of a slide is first drawn through a drop of fresh blood and then moved 
quickly across the surface of a clean cover-glass or slide, in this 
way spreading the blood in a thin, even layer upon the glass. Success 
depends upon getting the right amount of blood upon the edge of the 
slide and the quick, even movement by which it is spread upon the 
cover-glass or slide. Preparing the film on a slide is simpler and to be 
preferred if a differential count of the leucocytes is to be made. A 
second, possibly better, method is the following: 

(2) Have ready two thin clear cover-glasses (or slides) and 
obtain a drop of fresh blood. Take one of the covers in the forceps, 
touch it to the drop of blood and place it upon the second cover- 
glass eccentrically, with one edge projecting slightly. Slip the two 
covers apart in the plane of their surfaces and dry them quickly by 
waving them in the air or by passing them rapidly over the tip of 
a flame. The lower cover-glass will have the better film. 

(b) Fixing the hemoglobin with (a) ether-alcohol or heat, or (b) 
at the time of staining (methyl alcohol) (§ 214). 

§ 212. Fixing the film. When the blood films on the covers 
are dry, place them in the fluid for >^ to 1 or several hours. Let 
them fix for a longer rather than a shorter time, as the quality of 
the stain (with triacid mixture) will be improved. After they have 
fixed a sufficient time remove and again dry them in the air. They 
may now be stained, immediately or at convenience. 

§ 213. Staining unfixed films. Eosin-Methylene Blue stains 
(below) . Fixed films may be stained with hematoxylin and eosin as 
well as with other stains. If the film is on the slide balsam and a 
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cover-glass are unnecessary if it is to be examined with the oil immer- 
sion objective. 

§ 214. Eosin-Methylene Blue. The most of the formulas are 
made on the principle of neutral stains, — eosinates of methylene blue 
dissolved in methyl alcohol, the staining solution being diluted with 
water during the staining (§ 85, b). As polychrome methylene blue 
is generally used, the range of selectivity is increased by the presence 
of methylene azure. 

(a) Nochts-Hastings Stain. (§' 130). Stain blood smears 1 
minute with the undiluted stain, then dilute with distilled water 
until a metallic film begins to appear and the diluted stain appears 
reddish at the edge. Stain 5 minutes more, rinse quickly with dis- 
tilled water, absorb excess with absorbent paper, dry in the air; 
when dry mount in balsam. 

(b) Wright's stain (§ 129) is of similar composition and the 
staining process is carried out in the same manner. Stain blood 
smears 1 minute with the undiluted stain ; dilute drop by drop with an 
equal volume of water and stain for 3 minutes; rinse, dry, etc., as 
above. 

(c) Jenner's stain (§ 128) is a simpler stain, and easier to use. 
The simple (i. e., not polychrome) methylene blue is used, and 
the differentiation of the stain is secured in the washing out. Stain 
blood films 3 minutes or more, rinse a short time with distilled water 
(until the best portions of the film are pink) . Absorb excess of water 
with absorbent paper and dry in the air. When dry, mount in 
balsam. < 

§ 215. It is sometimes advantageous, — ^as for class work and with 
non-mammalian blood, — to handle blood in bulk. The following 
method has been used with good results. Fix for 1 to 6 hours by 
having the blood drop into a vial of 1% osmic acid. The blood-cells 
are allowed to settle and the supernatant fluid removed with a pipette. 
By this method the blood is passed through, successively, — 2 or 3 
changes of distilled water, 50%, 67% alcohols, paracarmine, 67%, 
82%, 95% and absolute alcohols, xylene, to thin xylene balsam (§ 161) 
in which the blood is stored. By gently agitating, the corpuscles are 
evenly distributed and a drop of the balsam mounted contains 
numerous blood cells. This is an excellent method for preparing 
isolated epithelial and muscle cells for class use. Such material may 
be kept for years and is always ready to use. 



FINE INJECTION. 

For the purpose of examining microscopically the finer arteries 
and veins and the capillaries in a tissue, and their relation to the 
other parts, it is necessary to fill them with some colored injection 
mass, or otherwise stain or color them. Numerous injection masses 
are in use; the following meet the general needs. For injection 
fluids for special purposes, consult the literature [6]. 

§ 216. Carmine gelatin mass. Formula: Dry gelatin, 75 
grams; carmine (No. 40), 10 grams; water, 90 c. c; ammonia, 10 
c. c; acetic acid, q. s.; chloral hydrate, 10 grams. 

Soak the gelatin in water until it is soft; pour off the superflu- 
ous water and melt it (in an agate or porcelain dish) over a water 
bath. Grind the carmine to a paste with water; add all the am- 
monia and water; filter, warm to 80° or 90° C, and add to the warm 
gelatin. Then add slowly the acetic acid diluted with an equal vol- 
ume of water, while constantly stirring the mass, until the mass 
smells very slightly of the acid. Filter through fine flannel. If the 
mass is acid, the chloral hydrate may be safely added (as a preserva- 
tive); if any ammonia is present it will decompose it forming chloro- 
form, and a granular precipitate. If too much acid is added, the 
gelatin will not set. 

§ 217. Berlin blue injection mass. Formula: Dry gelatin, 
75 grams; saturated aqueous solution of Berlin blue, 150 c. c; chloral 
hydrate, 10 grams. Prepare the gelatin in the manner given above 
(§ 216); warm the Berlin blue solution (to 80° or 90° C), and add 
it to the hot gelatin. Heat the mixture for 10 minutes, or more, 
stirring it occasionally, and filter it through fine flannel and add the 
chloral hydrate. 

§ 218. For securing the best results in injecting the following 
conditions should be observed: (1) A young but nearly mature, 
lean animal is to be preferred. (2) KiU the animal with an anes- 
thetic (chloroform) and leave it in the anesthetic at least half an 
hour before beginning the injection; do not, however, wait until 
rigor mortis sets in. (3) Inject only the part desired, tying all an- 
astomosing vessels and all vessels to other parts. Inject into the 
.artery of the part, leaving the vein open until nearly pure injection 
mass escapes, then tie it and continue the injection until the part 
feels hard and is the color of the injection mass. (4) When the 
injection is finished cool the part injected by means of cold water, 
ice, or snow. 
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(5) Harden the injected tissue 1 or 2 days in 50% alcohol, 2 
or 3 days in 67% and 82% alcohols. The acidity of the alcohols 
should be insured by adding to the 50% alcohol a few drops of acetic 
acid. The tissue may be stored in 82% alcohol until ready for sec- 
tioning. Formalin (10%) may also be used as the fixer and preserviag 
fluid. For sectioning the celloidin method is usually preferable. 

§ 219. Silvering blood vessels. Silver nitrate may be used 
for coloring blood vessels, and thus differentiating them. See § 222. 

§ 220. Dense Masses, such as do not pass through the capil- 
lary network are useful in giviug double injections, the veins and 
capillaries one color, arteries another. Two such may be mentioned : 
(a) Lampblack Gelatin Mass; (b) Ultramarine Gelatin Mass (Spal- 
teholz.). 

(a), l^impblack and gelatin mass in the proportion of about 
1:12. 

(b). A 10% gelatin mass to which is added ultramarine in 
proportion of 30 :100. 

In injecting, inject through the artery with one of the gelatin 
masses given in § § 216 — , and follow it up with one of the above 
which will push the first mass through into the capillaries and veins. 



SILVER NITRATE IMPREGNATIONS. 

§ 221. The preparations stained by means of nitrate of silver 
are prepared as follows ; The fresh tissue is washed for a minute or 
so in distilled water to remove from the surface all albuminous sub- 
stance, and then transferred for 2 to 5 minutes or longer to a 1 to 
}/%% aqueous solution of silver nitrate and exposed to direct sunlight 
until a light brown. When, by examination with the microscope, the 
stain was found to be sufficient it was again rinsed in water and placed 
in glycerin or alcohol. Employed in this manner with fresh tissue, 
silver nitrate stains the cell cement, affording thus negative images of 
the cells. If a membrane such as mesentery is to be silvered removed 
from the body, it should first be cautiously stretched, as over a ring, 
to avoid creases. 



Silvering Vascular Epithelium. In order that the 
vascular epithelium of small arteries, veias, and capillaries should be 
well demonstrated, silver nitrate solutions of J^ to 3^% strength 
must be injected into the vessels. 
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§ 223. Procedure. Connect a canula with the artery supply- 
ing the ahmentary canal (superior mesenteric) or the brain (caro- 
tid) and inject distilled water until the water flows out of the re- 
turning vein colorless. Then immediately inject the silver solution 
untn it runs from the vein. After a minute or two follow with 
distilled water or physiological salt solution. Place the intestines 
and mesentery in water and expose them to the light until they become 
shghtly browned. Strips of the muscular coat of the intestines, 
especially of the rabbit, will show capillaries well. Veins and arteries 
side by side may be found in the mesentery. If the brain vessels are 
injected one can get admirable preparations showing nuclei as well as 
cell outline by staining in hematoxylin. Mount in glycerin, or, if 
desired, dehydrate and mount in balsam. The tissue may be kept in 
50% alcohol or in 50% glycerin for several months before mounting 
if it is kept in the dark. 

For large vessels and endocardial epithelium open the vessels 
or the heart and silver as directed above for mesentery. It may be 
necessary to make thin free-hand sections so that the preparation 
will be thin enough for high powers. 

HISTO-CHEMICAL METHODS. 

There are special chemical substances which it is often desirable 
to preserve and differentially stain. In most cases, the staining re- 
actions are not specific enough to come under the category of micro- 
chemical tests, the evidence gained being circumstantial or indirect, 
the application of two or three different methods being sometimes 
necessary for confirmation. Such methods may be spoken of as 
histo-chemical rather than micro-chemical. 

A. Fats. (Lipoids). 

§ 224. Free fats and lipoids are soluble in ether, chloroform, 
absolute alcohol, xylene, benzene, and essential oils. As these are 
necessary for paraffin and celloidin imbedding methods, especially 
the former, the satisfactory preservation of these substances pre- 
sents some diflSculties. " The use of the freezing microtome is there- 
fore particularly called for. See, however, § § 227, 228. 

The stains applicable to the demonstration of fats are (a) stains 
soluble in the fat solvents, e. g., Sudan III, and scarlet red; and (b) 
such as depend upon the reduction of salts by the fats (e. g., osmic 
acid and potassium dichromate) [29]. 
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§ 225. Sudan III. Fix tissue in formalin or Miiller's fluid. 
Cut free-hand sections, employ the freezing microtome method, or 
isolation (§ § 35 — ). Rinse sections in 82% alcohol and transfer 
sections to a strong solution of the stain in 82% alcohol; 
leave several minutes covered from evaporation; rinse with 82% 
alcohol and transfer to water. Mount in glycerin or glycerin jelly 
(§ § 151, 155). Fat is stained red. 

§ 226. Herxheimer's Stain. Preparation for staining is as above 
(§225). Pass sections into 67% alcohol. Transfer to a strong solu- 
tion of Scarlet Red in 67% alcohol rendered alkaline by 2% of sodium 
hydroxid. Stain for several minutes; rinse with 67% alcohol and 
transfer to water. Mount in glycerin or glycerin-jelly. Fat globules 
stained red. It affords a more intense stain than Sudan III. 

Indojphenol (saturated solution in 67 or 82% alcohol) may be 
used as a blue stain for fat in a similar manner. 

§ 227. Osmic Acid. (§ § 30, 18, 19). Osmic acid is reduced 
by the unsaturated fatty acids (e. g., oleic acid) which are blackened 
by it. The saturated fats and fatty acids (e. g., stearic, palmitic,) 
are not so blackened [1] but the black color subsequently appears 
when the tissue is placed in alcohol [41]. The fat so oxidized and 
impregnated with osmium (?) becomes less soluble in fat solvents 
(§ 224) and may be retained ia tissue imbedded in either paraffin or 
celloidin. There is, however, a difference in fats; adipose tissue is 
easily preserved, while some of the fat granules found in the organs 
require the special precautions mentioned below. 

Fix sections of tissue 2 to 3 mm. thick in Flemming's or Benda's 
fluid for 2 days; dehydrate in 95% alcohol, and transfer to thin 
celloidin, — and subsequently thick celloidin — made up with 95% 
alcohol (not absolute). The sections may be stained in safrania, 
quickly dehydrated and cleared with carbol-xylene and mounted in 
balsam, either without a cover-glass, or in thick balsam melted by heat 
and applied warm. Unless such precautions are taken, the solvent of 
the balsam may in time dissolve out the granules of blackened fat. 

Paraffin does not afford as good a preservation of the more labile 
fat globules. Dehydrate in equal parts of 95% and absolute alcohol, 
clear before the inflltration in carbol-xylene or chloroform. Paraffin 
in the sections should be dissolved out by carbol-xylene in preference 
to xylene (§ 143). 



86 

Dichromate mordantage, with subsequent copper or 
iron hematoxylin stain, appears to rest upon the power of the fat or 
lipoid to reduce the dichromate and thus take on a mordantage which 
gives the basis for the subsequent staining. So far, it has not been 
possible by this technique to preserve, in paraffin or celloidin sec- 
tions, the individual fat granules, but it is nevertheless a useful 
method for the differentiation of lipoid-containing cells. 

Fix tissue 2 days in Zenker's with but 1 /lO or 1 /5% of acetic acid 
or Helly's fluid, mordant 4 days or longer in Mtiller's fluid at 35 to 
38° C, wash in water, imbed in paraffin using chloroform as the clearer 
(§ 54). Stain sections with the copper hematoxylin (§ 95). Lipoid- 
containing cells, myelinic nerve fibers, erythrocytes, etc., a dark blue. 
It should be also remembered that other structures may also be 
stained by this technique. 

The freezing microtome may be used with such tissue and stain, 
as has been done by Benda and Fischler [6]. 

B. Glycogen. 

Glycogen is soluble in aqueous media, and while it may be retained 
by a short fixation in several fluids, the best preservative of it is 95% 
alcohol (82% — absolute). 

§ 229. The Iodine Method. [16]. Fix tissue in 95% or 82% 
alcohol. Imbed m paraffin. Spread the sections using instead of the 
water, the iodine stain for glycogen, which is made up as follows : 
iodin, 13^ grams; potassium iodid, 3 grams; sodium chlorid, IJ^ 
grams; distilled water, 300 c. c. Spread sections may be stained or 
restained by immersing in the iodin solution which will color the 
glycogen a mahogany red. For very soluble glycogen, 50% alcohol 
may be employed instead of the water in making up the stain. In 
mounting, dissolve the paraffin with xylene, drain, place on the 
preparation melted yellow vaseline, cover, seal with shellac or balsam. 

§ 230. Best's Method. [5]. While rather complicated, this 
is generally recognized as the best method for the demonstration of 
small quantities of glycogen, especially when it is desired to see the 
relation of the granules to the protoplasm. 

Fix tissue in 95% alcohol; imbed (preferably) in celloidin (§67) j 
if paraffin is used, after dehydration (§ 51) place the pieces of tissue 
in pure acetone for 15 minutes, xylene 20 minutes, xylene paraffin 
1 hour, pure paraffin (§ 52) 1 hour. Stain sections in Delafield's 
hematoxylin (§ 91) strongly, rinse and differentiate (if necessary) 
and stain in the following special carmine stain which had been 
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previously prepared, (a). Carmine, 1 gram; ammonium chlorid, 
2 grams; lithium carbonate, 0.5 grams; distilled water, 50 c. e. 
Bring the mixture to a boil. When it is cool, add 20 c. c. 10% am- 
monia. Preserve the solution in the dark; after 2 to 3 days it is 
ready for use and retains»its staining quality for a few weeks only, 
(b) When ready to stain, filter the above solution (a), and add to 
2 parts of the stain, 3 parts of 10% ammonia solution, and 6 parts 
of methyl alcohol. 

Stain sections 1 hour, differentiate in a mixture of 2 parts of 
methyl alcohol, 4 parts of absolute alcohol, 5 parts of water; rinse 
with 82% alcohol, dehydrate, clear and mount in balsam. Glycogen 
stained an intense red. 

In working with glycogen it is sometimes necessary to apply as 
a control the digestion of the glycogen in one or more sections or a 
part thereof, by means of saliva. 

C. Amyloid. 

Amyloid, a form of connective tissue degeneration, resembles 
glycogen in some of its physical (not chemical) properties and stain- 
ing reactions. Two methods for its demonstration may be men- 
tioned : 

§ 231. Iodine Method. Practically any fixer may be used 
(Zenker's fluid). Paraffin, celloidin, or (better) frozen sections 
may be used. Stain sections with the iodine solution (§ 229) for 
several minutes; rinse in distUled water and transfer to glycerin or 
glycerin-jelly (§ 151, 155) in which they may be mounted. Seal the 
preparations (§ 162 — ). The amyloid a reddish-brown; the stain, 
however, will fade in the course of a few months. 

§ 232. Gentian Violet, among other anilin stains, colors amyloid 
differentially (metachromasia) . Stain paraffin sections for several 
minutes in a 1% solution of the stain; rinse and differentiate in 1% 
acetic acid; wash thoroughly with distilled water, and (a) mount in 
glycerin- jelly, or (b) dry in the air, treat with xylene and mount in 
balsam. In the latter procedure, the staining may be applied before 
removing the paraffin. 

D. Mucus. 

Mucous substances (mucins, mucinoids) possess acid properties 
combining with alkalis and bases (heavy metals), such combinations 
swelling up or dissolving in water. Acetic acid, alcohol and picric 
acid also precipitate these substances. For the fixation of mucus. 
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most fixers may be used, — Mercuric chlorid, Zenker's fluid, Flem- 
ming's fluid or Hermann's fluid. If, however, it is desired to pre- 
serve the mucus granules (mucinogen?) in the cell-body, alcoholic 
or picric acid fixers are usually required, and the tissue at no time 
subsequently should be placed in water or aqueous solutions. Be- 
cause of its acid character mucus stains with basic stains, the first 
two methods given below being very selective. If cell granules are 
desired, remember the caution as to the avoidance of water. 

§ 233. Mucicarmine. (§ 103). Fix as recommended above. 
Stain parafiin sections 1 to 24 hours; wash in water, dehydrate, 
clear and mount in balsam. It may be used diluted with 50% or 
67% alcohol. 

§ 234. Muchematein. (§ 93). Employ in the same manner as 
mucicarmine. The alcoholic formula is indicated if cell granules 
are to be preserved. 

Staining of the nuclei with hematoxylin (§ 88, 89) or carmine (§ 98) 
or elastin stain (§ 125) may be previously given; a picro-fuchsin 
stain may follow it. Excess of alum (aluminium salts) or presence 
of acid must be avoided, hence wash thoroughly with water if there 
has been previous staining. 

§ 235. Basic anilin stains usually give sharp, often differen- 
tial stains (metachromasia) for mucus. Methylene blue, toluidin 
blue, or gentian violet may be recommended. Safranin after Flem- 
ming's fluid fixation often gives a delicate stain for mucus. 

E. Micro-chemical Tests. 

Micro-chemical tests for inorganic elements must occasionally 
be employed, particularly in cytological work. The methods have 
been largely elaborated by Macallum to whose papers references are 
given. 

§ 236. Iron. (a). Berlin Blue Reaction. Alcohol fixation and 
the freezing microtome should be employed. Rinse sections in 
distilled water, 2% potassium ferrocyanate, 4 to 5 hours, 1% Hcl 
alcohol several hours, rinse in water, dehydrate, clear with clove oil; 
balsam. A carmine stain may be given, — before or afterwards. 

(b) Ammonium Sulphide Reaction. Place sections in am- 
monium sulphide solution (freshly prepared) for 5 to 20 minutes; 
(dark green color); rinse quickly with water, dehydrate, clear in 
clove oil, mount in balsam. 
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Free iton may also be demonstrated by the use of a pure aque- 
ous solution of hematoxylin (dark-blue color); other metals, how- 
ever, also unite with hematoxylin (e. g., calcium). 

§ 237. Masked Iron does not give the reaction with pure aqueous 
hematoxylin [31, 34]. Macallum applies the ammonium sulphide at 
higher temperature (60° C.) and for several days. 

§ 238. Phosphorus. See Macallums methods [31]. 

§ 239. Potassium. See Magallum's method [33]. 

§ 240. Chlorides.. See Macallum's method [32]. Cautions! 

§ 241. Calcium stains strongly with aqueous hematoxylin and 
may often be so demonstrated. To identify the calcium and dis- 
tinguish from iron, usual chemical tests may be applied [31, 28]. 
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Alcohol, absolute, 95%, 82%, 67%, 

50%, 11,14,22, 50, 51 
Alcohol-acetic, 14 
Alcohol-aceto-chloroform, 14 
Alcohol-acetic-formol, 14 
Alcohols as fixers, 14, 60, 70, 71 
Alcohol, dehydration in, 22, 27, 51, 54 
Alcohol, grades, preparation of, 1 1 
Alum cochineal, 41 
Alum differentiator, 36, 70 
Alkaline methylene blue, 42 
Ammonium molybdate, 78 
Ammonium picrate, 78 
Ammonium sulphid (iron test), 88 
Amyloid, stains for, 87 
Anilin blue, Mallory's connective tissue 

stain, 44 
Anise-seed oil, 33 
Babes' safraniti, 42 
Balsam, Canada, 54, 55 
Balsam, camsal, 55 

Damar, 52 

Euparal, 55 
Basic stains, 35, 88 
Benda's fluid; see Flemmings fluid 
Benda's stain for neuroglia, 79 
Bensley's neutral gentian, 46 
Berlin blue, 82 

Berlin blue reaction (iron), 88 
Best's method for glycogen, 86 
Bleaching; peroxid, perhydrol; see 

Hermann's fluid 
Bleu de Lyon, stain, 45 
Blocks, wooden, for imbedding, 28 
Blood films, fixing and stkining, 80, 81 
Blood methods for, 79 
Blood, preserving in bulk, 81 
Blood vessels, silvering, 83 
Bone, 63, 65 
Borax carmine, 40 
Bouin's fluid, see picro-aceto-formol 
Boxes, paper, for imbedding, 24, 29 
Cajal, methods for neurofibrillae, 71 



Calcium, tests for, 89 
Camsal balsam, 55 
Carbol-xylene, 55 
Carmalum, 40 

Carminates, carmine, stains, 40, 86 
Carmine gelatin mass, 82 
Carminic acid, 40 
Camoy's fluids, 14, 70, 79 
Castor-xylene, 29, 30 
Caustic potash, dissociator, 19, 67 
Cedarwood oil, clearer, 23 
Cell, methods for, 59 
CeUoidin, staining, of 37 
Celloidin method, 20, 26-, 
CeUoidin, solutions, 2%, 6%, 12%, 27, 
28 

^%,34-49 

removal of, 48 
Chick blastoderm, fixing; see nitric 

acid 
Chloral hematoxylin, 88 
Chlorides, test for, 89 
Chloroform, clearer, 23, 69 

fixer, 14 

hardener, 29 
Chromatin, stains for, 59 
Chromo-aceto-osmic ; see Flemming's 

fluid 
Chromo-nitric; see Perenyi's fluid 
Clarifier, clarifying, 29, 30 
Class, isolated tissue for, 81 
Cleaning mixture for glass, 58 
Cleaning slides, cover-glasses, glass- 
ware, 57, 58 
Clearers, clearing, 22, 23, 55 
Cochineal, alum, 41 
Collagen, staining, 61 
Collodion; see celloidin 
Congelation mass; see freezing 
Congo red, 43, 69 
Connective tissue, 61 
Copper dichromate-sublimate -acetic, 

12, 61, 72, 79 
Copper hematoxylin, 40, 73, 86 
Cover-glasses, 57, 58 
Crystallization of paraffin mass, 25 
Cytoplasm, fixation, 60 
Ci^toplasm, granules, 60, 61 
Damar balsam, mounting medium, 52 
Decalcification, 63 
Dehydration, 22, 27, 54 
Delafield's hematoxylin, 39, 69 
Dichromate as fixer, 8, 16, 72, 73, 74, 86 
Dichromate-acetic, 12 
Differentiation, 36, 73 
Digestion method (reticular tissue), 62 
Dishes, for paraffin imbedding, 23 
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Dissociation, dissociators, 6, i6- 
Double staining, double stains, 37 
Dry mounting, 52 
Ehrlich's acid hematoxylin, 39 
Ehrlich-Biondi-Heidenhain triple stain, 

42 
Elastic fibers (elastin), stains for, 45, 62 
Eosin, 43 

Eosin-methylene blue, 42 
Eosinate of methylene blue, 46 
Epithelium, silvering, 83 

isolation (dissociation) of, 17, 18 
Erlicki's fluid, 15 
Erythrosin, 43 
Ether-alcohol, 27 
Euparal, 55 

Fastening sections to slide, 47- 
Fat, fixation of , 72, 84 

freezing microtome, use, 84 

stains for, 84 
Fixation, 7, 8 
Fixation by injection, 9 
Fixation, rules for, 9 
Fixers, action of, 7 

formulae for, 11-16 

Ust of, 8 
Fixing, 6, 7 

Flemming's fluid, 13, 74, 85 
Flemming's triple stain, 43 
Formaldehyde, formalin, 14, 15 

Dissociator, 18, 68 
Formol-dichromate, 12 
Free- (hand) sections, 47, 48 
Freezing method for sectioning, 19, 33, 

48,84 
Fresh tissue, examination of, 6 
Fuchsin acid, 44 
Gage's dissociators, 18 
Gage's hematoxylin, 38 
Gage's method for glycogen, 86 
Gelatin masses, 82 
Gentian violet, 41, 43^ 46, 87, 88 
Gilson's fluid; see mercuro-nitric 
Glycerin, 53, 55 
Glycerin-jelly, 54, 56 
Glycogen, fixation, staining, 86 
Gold chlorid, methods, 69 
Golgi methods, 74 
Gram's solution; see iodine, 45 
Granules, cytoplasmic, 60 

secretion, 61 
Ground sections, 64 
Gum arable, 33 
Hasmalum, Mayer's, 39 
Hair, dissociation of, 18, 19 
Hardening of tissues, 10 

celloidin mass, 29 
Hasting's stain, 46, 81 
Heidenhain's iron hematoxylin, 39 
Held's method (nerve cells), 70 



Helly's fluid, 12 
Hemateates, hematein, 38 
Hematoxylin stains, formulae, 38, 39, 40 

stock solution, 38 
Hermann's fluid, 13 
Herxheimer's stain, 85 
Horn, dissociation of, 18, 19 
Hydrochloric acid decalcifier, 63 
Hydrochloric acid carmine, 41 
Imbedding, celloidin, methods, 20, 26 

paraffin, 20, 22 
Impregnations, 36 
Indifferent fluids, 16 
Indophenol, 85 
Infiltration, (imbedding methods), 22, 

26, 33 
Injection, fine, dense, masses, 82, 83 
In toto staining, 35, 41 , 50 
Intra vitam methylene blue, 76 
lodin, II, 45, 86, 87 
Iron hematoxylin, Heidenhain's, 39 
Iron, tests for, 88, 89 
Isolation ,16-, 66, 68, 69 
Jenner's stain, 46, 81 
Labeling slides, 56 
Lampblack, gelatin mass, 83 
Light green, 45 
Lipoids; see fats 
Lipoids ; foot note, 7 

demonstration, 84 
Lugol's solution; see iodine, 45 
Lyon's blue, stain; see Bleu de Lyon, 

45 
Maceration, 16 

Mallory's connective tissue stain, 44 
Marchi methods (degenerating nerve 

fibers), 73 
Mayer; see carmalum, haemalum 
mucicarmine, Muchematein, par- 
acarmine 
Mercuric chlorid, 1 1 
Mercuro-nitric, 13 
Methylene blue, 42, 70, 76 
Methyl green, 42 
Micro-chemical tests, 58 • 
Microtome knife, care of, 58 
Mitochondria, fixation and staining, 60, 

61 
Mordantage, 35 
Mounting media, methods, 6, 52- 

cells, 53, 54 
Muchematein, 39, 88 
Mucicarmine, 41, 88 
Mucus, 87 
MuUer's fluid, 15 

dissociator, 17 
Muscle, isolation of, 66 
Muscle, methods for, 66- 
Myelin, myelinic nerve fibers, 69 
Nail, dissociation of, 18, 19 
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Nerve cells, isolation, staining, 68 
Nerve fibers, isolation, degenerated, 

69>73 
Nervous system, methods, 68- 
Neurofibrillas, 71 
Neuroglia, stain for, 79 
Neutral gentian, 46 
Neutral stains, 37, 35, 36 
Nissl's methylene blue, nethod, 76 
Nitric acid, decalcifier, dissociator, 

fixer, 14, 16, 63 
Nochts-Hastings stain, 46, 81 
Normal, salt solution; see physiological 

salt solution « 

Orange-fuchsin acid, 62 
Orange G., 44 
Orcein, 45, 62 

Orth's fluid; see formol-dichromate 
Osmicacid, dissociator, fixer, 15, 18, 69, 

73.75 . . ., 

Osmium tetroxid; see osmicacid 
Pal's method, 73 
Paracarmine, 41 

ParaflSn, grades, method, 20, 21-,- 23 
Paraffin sections, handling of, 48 
Perenyi's fluid, 14 
Peroxid, as bleacher; see Hermann's 

fluid 
Phosphorus, 89 
Physiological salt solutions, 16 
Picric acid, stain, 44 
Picro-aceto-formol, 12 
Picro-fuchsin,'44, 62 
Picro-nitric, 14 
Platino-aceto-osmic: see Hermann's 

fluid 
Potassium dichromate, fixer, 16 
Potassium hydroxid dissociator, 19, 67 
Potassium, tests for, 89 
Progressive staining, 35 
Pyridin; see Cajal's silver methods, 71 
Pyroxylin; see celloidin 
Quadruple stains, 89 
Radium, to prevent electric sections, 26 
Regressive staining, 35 
Resorcin fuchsin, 45, 62 
Reticular tissue, 62 
Safranin, 42, 85 
Scarlet red, 85 
Sealing preparations, 55 



Secretion granules, 61 
Sectioning, methods of, 6, 19- 
Section staining, 35 
Serial sectioning in celloidin, 32 
Shellac, cells, rings, 54 

sealing, 55, 56 
Silvering blood vessels, 83 
Silver nitrate, 83, 71, 74 
Slides, cleaning, 57 
Soluble cotton; see celloidin 
Staining, forms of, rules of, 35 
Staining, isolated cells, sections, etc., 

i8> 51, 53.66,67 
Stains, 35-, 38 
Stock solutions, 1 1 
Storing of tissues, 10 
Substantive staining, 35 
Sudan III, 85 

Sulphalizarinate of sodium, 61, 79 
Sulphuric acid dissociator, 1 8 
Tellesnicky's fluid; see dichromate 

acetic 
Tigroid substance, 70 
Tissues, fixing, 6, 7- 

hardening, storing, 10 
Tissue paper, for handling sections, 31 
Toluene, as clearer, 22, 21 
Toluidin blue, 42 
Tooth, 63, 64 

Transferring celloidin sections, 31 
Triple staining, 37 
Triple stain; Ehrlich-Biondi, 42 

Flemming's, 43 
Ultramarine, gelatin mass, 83 
van Gehuchten's, 74 - 
Vascular epithelium, silvering, 83 
Verhoeff 's elastin stain, 45 
von Luko's fluid; see alcohol-aceto- 

formol 
Weigert methods, for nerve, 71 
Weigert's copper hematoxylin, 40, 71 
White connective tissue fibers, 61 
Wooden blocks, for celloidin imbed- 
ding, 28, 30 
Wright's stain, 46, 81 
Xylene, 23, 50 
X5dene, as clearer, 22, 23 
Xylol; see Xylene, 22 footnote 
Zenker's fluid, 1 1 
Zenker-formol; see Helly 's fluid , 1 2 
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